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HORMONES OF THE ADRENAL CORTEX* 


Epwarp C. Ph.D. 


Visiting Professor of Chemistry, Princeton University 
James Forrestal Research Center 


Jy September 21, 1948, cortisone was administered to a 


patient who had rheumatoid arthritis." During the pre- 

O ceding five years she had continued to become worse 

and at the time that cortisone was given she was con- 

Beseses fined to her bed and endured much pain, Within a week 
she walked out of the hospital in a gay mood and went on a shopping 
trip for three hours without after-effects. During the following seven 
months about thirty more patients were given cortisone. The results 


were reported on April 20, 1949 and before January 1950 the word 
cortisone was given a place in our vocabulary. 

Three and a half years have now passed and from the vantage 
point of today it is of interest to summarize our knowledge of the 
hormones of the adrenal cortex. However, the chemical investigation 
of the gland is not yet complete, and therefore what I shall say tonight 
is a report of progress. To this end I shall review the successive stages 
through which the investigation has passed. 


* Presented at the 25th Graduate Fortnight of The New York Academy of Medicine, October 7, 1952 


This lecture is a modification of a paper presented before the American Philosophical Society in 
April 1952 and published in the Proceedings of that Society 
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Our knowledge of the cortex of the adrenal gland in health and 
disease has accrued from almost one hundred years of research. In 1855 
an English physician, Thomas Addison,* reported his observations con- 
cerning a group of patients who followed a common course throughout 
their illness and death. Addison ascribed the cause of death to destruc- 
tion of the adrenal gland. During the first stage of the investigation 
which followed the work of Addison it was shown that the inner and 
outer portions of the gland were entirely different not only in physical 
nature but also in function. From the inner portion, designated the 
medulla, epinephrine was isolated in rgo1 and was in fact the first hor- 
mone to be separated in crystalline form from any of the ductless glands. 
Epinephrine is a powerful and important agent but removal of the 
adrenal medulla does not cause death of the animal.* The outer portion 
of the gland, designated the cortex, was shown to be essential for life 
and seventy-five years after publication of Addison’s clinical observa- 
tions an extract of the cortex was prepared which maintained the life 
of animals which had been deprived of their adrenal glands.*\° The 
symptoms of patients who had Addison’s disease also were relieved by 
administration of the extract. Preparation of the extract which was 
achieved in 1930 brought to a close the first stage of the investigation. 
At the time it was believed that the hormone of the adrenal cortex soon 
would be isolated in pure form, and it was hoped that treatment of 
deficiency of the adrenal gland would be as satisfactory as Was treat- 
ment of diabetes with insulin. No one could foresee that almost twenty 
years would pass before the chemist could provide an answer which 
was satisfactory although not in final form. 

‘The second stage of the investigation has to do with the relationship 
between the secretion of the adrenal cortex and the retention and dis- 
tribution of sodium and chloride in the body. Extensive research had 
shown that the metabolism of sodium and chloride was under close 
control. It was known that the blood and fluids in the body contained 
relatively high concentrations of these mineral constituents. The muscle 
and other tissues of the body at all times contained much less.” If the 
daily intake of salt was large the excess did not accumulate but was ex- 
creted promptly in the urine. If the daily intake of salt was small very 
little was excreted." The body appeared to have the power to retain 
salt and to maintain the concentration in the blood within narrow limits. 
During this phase of the investigation it was discovered that the power 
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to retain sodium chloride was lost when the adrenal glands were re- 
moved from animals.’ The same phenomenon was then observed in 
patients.” Patients who have Addison’s disease are invariably weak, the 
blood pressure is low, the appetite poor, and the volume of circulating 
blood may be much less than normal. Nevertheless all these typical 
symptoms disappear if the sodium chloride which is constantly lost 
through the kidneys is replaced by a high daily intake of salt in the 
diet. Uhis observation was of great importance since manufacture of 
the extract of the adrenal cortex was difficult, the material was scarce 
and the price was prohibitive except for well-to-do patients. The use 
of salt to relieve the symptoms of Addison’s disease was the tangible 
contribution of stage two, 

The third stage of the investigation disclosed the importance of 
another constituent of the blood—potassium.” Treatment. of patients 
who had Addison's disease with sodium chloride was frequently of 
great help but few of them enjoyed a sense of well-being. Eventually 
it was found that potassium was toxic to these persons." Potassium 
is in all food, for example, potatoes contain a high percentage of 
potassium; meat, milk and nuts also are rich in potassium. If the diet 
was controlled rigidly and the intake of potassium was small the patient 
was relieved of many of the symptoms associated with Addison’s dis- 
ease; however, as this regimen was continued the patient became in- 
creasingly sensitive to potassium. Unfortunate consequences followed. 
On occasions such as Thanksgiving Day or Christmas the patient might 
partake of turkey or nuts and within a few hours a serious crisis some- 
times developed which led to prostration and death unless an extract 
of the adrenal cortex was administered. Life under these conditions was 
precarious and the outlook for these patients was not hopeful. 

The first three stages of the conquest of the adrenal gland provided 
much information concerning the factors involved but ten years of 
research had not been sufficient to evolve a method of treatment for 
all patients who suffered from Addison’s disease. 

A partial answer was contributed by the fourth stage of the investi- 
gation. Between 1930 and 1938 chemical investigation of the secretion 
of the adrenal cortex afforded a group of 28 crystalline compounds"! 
and, moreover, in the mother liquor from which these were separated 
there was present at least one other compound which was not separated 
in crystalline form but whose presence could be demonstrated in a con- 
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vincing manner. This compound conferred on the body the power to 
retain sodium and to excrete potassium.” 

Stage four is characterized by the preparation and use of a com- 
pound closely related in structure to the crystalline compounds that had 
been separated but when it was given to patients who had Addison's 
disease it behaved like the non-crystalline fraction, that is, it influenced 
the retention of sodium and the excretion of potassium." The name of 
this compound is desoxycorticosterone."' In chemical structure it is the 
simplest member of the family of compounds present in the adrenal 
cortex. Although this compound produces a marked effect on mineral 
metabolism, it is safe to conclude that desoxycorticosterone is not pres- 
ent in any significant or useful amount in the secretion of the adrenal 
cortex, The metabolism of sodium, potassium and chloride is modified 
by an agent which in some ways is like desoxycorticosterone but which 
certainly is not this compound. 

After desoxycorticosterone became available there were high hopes 
that it would restore patients who had Addison’s disease to a normal 
state of health. Many patients were returned to a more useful life but 
even so they did not enjoy a sense of strength or well-being and some 
patients died although the concentration of sodium, potassium and 
chloride in the blood were within normal limits. It became clear that 
something more was required and beginning in 1940 attention was 
turned to the large-scale production of some of the crystalline com- 
pounds which had been separated and to which chemical structures 
had been assigned. 

All 28 compounds isolated from the gland belong to the same family 
of organic substances—the steroids.'' Steroids are found in all forms of 
animal life and in plants, insects and microorganisms such as yeast, 
but the members of the steroid family that are so abundant in the adrenal 
cortex are not found anywhere eise. The compounds separated from the 
adrenal cortex all have the same arrangement of atoms of carbon in the 
molecule and one differs from another only in the position and form of 
attachment of from three to five atoms of oxygen and also the number 
of atoms of hydrogen. Preparation of these compounds on a large scale 
from starting material more abundant than the adrenal cortex was carried 
out during stage five, and this part of the investigation was notable for 
the rich reward which came when one of the bile acids was converted 
into cortisone. This was accomplished in 1948."* '° 
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When this major contribution of the chemist was placed at the dis- 
posal of the physician, research in medicine went forward at a quick- 
ened pace. It was first shown that patients who had Addison’s disease 
were restored to an almost normal condition by a small amount of 
cortisone and a few milligrams of desoxycorticosterone given daily. 
Under this regimen these patients enjoyed a sense of well-being, they 
could endure physical and psychic strain and could return to their usual 
active life. 


The ability to control the symptoms of Addison’s disease furnished 
evidence that at least one objective of the investigation had been attained 
and this would have been a generous reward for the time and effort 
which had been required but it was soon shown that cortisone could be 
used in a much wider field. Cortisone was found to influence more than 
twenty-five different clinical syndromes. 


These dramatic events crowded with human interest are now taking 
place in stage six of the study of the adrenal cortex. The scope of the 
investigation has suddenly widened and human concern has been 
aroused, No radio announcer was present when the first few patients 


who had Addison’s disease were treated with salt or with an extract 


of the adrenal cortex, but now some item of interest concerning the 


adrenal cortex is to be found almost daily in newspapers or popular 
magazines. 


In retrospect it can now be seen that the elucidation of the chemical 
nature of the hormones of the adrenal cortex was made possible by pre- 
vious work on the structure of steroids. The fundamental research 
which had been carried out on the chemical structure of cholesterol, 


the bile acids and sex hormones came to fruition between 1932 and 


1934. This work just preceded the isolation of the crystalline com- 
pounds from the adrenal cortex. When these compounds were separ- 


ated as single substances, each in a high state of purity, it became a 


relatively simple matter to determine their chemical structure, for they 


were all members of the steroid family. The finger of opportunity 


pointed strongly in the direction of preparation of these compounds 


on a large scale so that they would be available for use in clinical medi- 
cine. This part of the work, which has been carried out by many 
investigators in the field of organic chemistry, is a magnificent contri- 
bution to our knowledge of the chemistry of the steroids. The out- 
standing results—the preparation of cholesterol, cortisone and hydro- 
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cortisone by total synthesis—will always remain as landmarks of or- 
ganic chemuistry.'® 


A survey of the record of the physiological investigation also 1s in- 
structive. [he influence of sodium, potassium and chloride on physiolo- 
gic processes, the effect of desoxycorticosterone on these same ions and 
the relative failure of cortisone and hydrocortisone to influence the 
metabolism of these ions were results which were recognized during the 
early stages of the work. The dramatic results afforded by cortisone 
and hydrocortisone on many diseases appeared to be sharply separated 
from the former experience with desoxycorticosterone. The clinical 
response was quite new and could not have been predicted from any- 
thing that was known. 

Now, however, the time has come to relate the physiologic activity 
of the secretion of the adrenal cortex to the compounds separated from 
the gland. When this is done it becomes apparent that cortisone and 
hydrocortisone cannot be regarded as the only hormones of the adrenal 
cortex. Neither of these compounds confers on the patient who has 
Addison’s disease the power to retain sodium and chloride and to ex- 
crete potassium unless it is administered in large amounts. It 1s necessary 
to postulate that the secretion of the adrenal cortex contains another 
unknown agent which has a marked effect on mineral metabolism. 

This hypothesis is based on a firm foundation for it can be shown 
that the material which remains after separation of the crystalline com- 
pounds can function in this manner, The investigation of the adrenal 
cortex has now passed into stage seven which involves the identification 
of this important agent. 

Interest in the control of mineral metabolism has been suppressed 
because of the excellent clinical results achieved with desoxycortico- 
sterone. This steroid became available in 1938 and since that time the 
treatment of patients who had Addison’s disease has been quite satis- 
factory in so far as mineral metabolism is concerned. For this reason the 
hormone in the adrenal cortex which performs this same function has 
not attracted much attention. Indeed some investigators have believed 
that mineral metabolism was controlled by small amounts of desoxy- 
corticosterone. Others have thought that corticosterone or some other 
known steroid was the effective agent. 

In any event the identity of the hormone did not appear to be 
of first importance and attention was turned toward the 1 1-oxygenated 
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steroids because no substitute for their action was known. Now that 


cortisone and hydrocortisone have been made available the investiga- 
tion of the hormone which controls mineral metabolism can be viewed 
from a new perspective. The immediate question to be answered 1s 
whether the physiologic activity of this agent is limited to the distri- 
bution and excretion of electrolytes or does it have other important 
effects. 

It cortisone and hydrocortisone modify organic metabolism and 
another quite different hormone influences mineral metabolism, and 
if these several hormones are all delivered as essential constituents of 
the secretion of the adrenal cortex, how is it that they appear to be 
released in amounts which are the most satisfactory? There are many 
possible explanations but the actual state of affairs cannot be deter- 
mined by speculation. This problem, however, can be answered by 
further investigation. 

Soon after publication of the results obtained by the use of corti- 
sone in rheumatoid arthritis and other diseases two questions were asked 
by many investigators. One concerned the value of other compounds 
which would be as good as, or better than cortisone. The second ques- 
tion was how does cortisone produce its effects? The complete answer 
to the first question will come only after many more years of research, 
but today cortisone and closely related hydrocortisone (compound F) 
stand above and apart from all other compounds. The interest in preg- 
nenalone and its derivatives, in desoxycorticosterone administered to- 
gether with vitamin C, and in many other substances has subsided. It 
seems probable that the two hormones which have survived the rigid 
selection of nature throughout the development of animal life will con- 
tinue to hold their place—perhaps they never will be equaled. 

During the past three years Merck and Company, Inc. have per- 
formed a miracle in making cortisone and hydrocortisone available. 
They have found answers to most dithcult problems and they have 
produced cortisone in such volume that the price today is only 5 per 
cent of the price in 1949. At that tme the high cost of the hormone 
was a stimulus in the search for something else which would be just as 
good. Now that stimulus has disappeared. 

As to how cortisone and hydrocortisone influence the body in health 
and in disease we know very little more than we did in 1g48. It has 
been shown that these hormones modify the metabolism of protein, 
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carbohydrate and fat, as well as that of sodium, potassium and calcium. 


Somewhere within the results already at hand the evidence of how 
they function may be hidden, but if so, it is well hidden. 

Much has been discovered about the nature of some of the diseases 
influenced by cortisone. Some syndromes may involve a relative de- 
ficiency of the hormones of the adrenal cortex since they are relieved 
by moderate doses of the hormones but it now seems improbable that 
all of the conditions which respond to treatment with cortisone are 
caused simply by a lack of cortisone. Much more work will be required 
to explain the etiology of rheumatoid arthritis, lupus erythematosus, 
pemphigus, asthma and hypersensitive states. 

Periarteritis nodosa, frequently a fatal disease, has been treated suc- 
cessfully with cortisone but to assume that this condition is caused by 
a lack of the hormone seems unwise. It is also unlikely that a disturb- 
ance in the relative amounts of the different hormones in the secretion 
of the adrenal cortex can be an important etiologic factor. 

One of the less obvious results associated with the availability of 
cortisone was the realization of the complexity of the problems con- 
cerned with its action. 

During the past three years cortisone has been administered on a 
large scale as a therapeutic agent. Some patients have well tolerated 
clinically effective doses of cortisone and hydrocortisone and have re- 
sponded in a most satisfactory manner. In others the continued use of 
large or moderately large daily doses has produced hypercortisonism 
in varying degree. 

Treatment of patients with the hormones of the adrenal cortex 
requires study of each individual case, for the daily dose depends on 
many variables. This demands the close attention of the physician. In 
this respect cortisone and hydrocortisone are similar to insulin. 

| have described seven stages of the investigation of the hormones 
of the adrenal cortex. The sixth stage, the study of the effect of corti- 
sone and hydrocortisone in clinical medicine, is still under investigation 
and evidently will continue for some time to come. New uses for 
these hormones are still being reported and as experience is gained the 
full value of these new therapeutic agents will be afforded. 

\r the moment, stage seven, investigation of the chemical nature 
of the agent which modifies mineral metabolism, is slowly gathering 
momentum. When this problem has been solved it will be possible to 
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answer many questions which have accumulated throughout the past 
twenty years. 

‘To answer these questions and to study the physiologic effects of 
the new agent will require stage eight. It can be seen that for both 
physiologist and clinician stage eight will be an important one. I shall 
not assume the role of a prophet but the future historian may say that 
a clear understanding of the hormones of the adrenal cortex was not 
possible until stage eight had been reached. 

But that will not be the end, for after the chemical nature of the 
hormones of the adrenal cortex is known then still another chapter must 
be written which will concern the interrelation and integration of these 
hormones with those of the other endocrine glands. That will require 
stage nine. 

It does not seem profitable to schedule future results beyond this. 
By the time stage nine has been passed it may then be said that nature 
did not reveal her secrets in a moment. Even then we shall not be cer- 
tain that the innermost sanctuary has been explored. 
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DIAGNOSIS OF ENDOCRINE DISEASE 
CLINICAL AND LABORATORY 
CONSIDERATIONS * 


Lovuts J. Sorrer 


ate Attending Physroan and Head of 
The Moun iat Hospita New York 


eseseseseseseGur subject of this evening’s lecture is a broad one and 
the time allotted is hardly adequate to cover it with any 
reasonable degree of thoroughness. In view of this limita- 
tion it might perhaps be more desirable to confine our- 
Desesesesesesea Selves to certain aspects of the problem, notably those 
phases dealing with adrenal and, to a lesser extent, adenohypophysial 


and thyroid function. In a general sense this evening’s presentation will 


serve as a brief introduction to topics which will be discussed in much 
greater detail by other speakers during the course of this Fortnight. 

The past two decades have witnessed broad and basic advances in 
the field of endocrinology. Newer and more precise techniques have 
been developed for the diagnosis of endocrine disease. The recognition 
and identification of glandular disturbances 1s less a matter of chance 
today and much more based on sound laboratory procedures than it 
was a quarter of a century ago. The problems of endocrinology have 
been considerably complicated by the fact that the concept of the field 
has expanded considerably, Where at one time we thought of en- 
docrinology as a field concerned specifically with orthodox glandular 
abnormalities we now recognize that the glands of internal secretion 
play a significant role in all physiological processes and color and in- 
fluence the’ manifestations of disease not heretofore considered en- 
docrinological in character. With the elaboration of the concept of 
stress and the advent of corticotropin and various adrenal cortical frac- 
tions we have been provided with tools which are gaining us a progres- 
sively greater insight into homeostatic mechanisms and body response 
to disease. 

We can perhaps best approach the general problem by a brief con- 
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sideration of the metabolic and biochemical effects of corticotropin in 
the intact animal. The stimulation of the adrenal cortex with corti- 
cotropin results in: 1) an increase in the urinary excretion of the neutral 
17-ketosteroids and the 11-oxygenated steroids; 2) an increase in the 
peripheral total white blood cell count, due mostly to an increase in 
the absolute number and percentage of neutrophilic granulocytes; 3) a 
decrease in the small normal lymphocytes and a virtual disappearance of 
the cosinophiles; 4) variable changes in water and electrolyte metabol- 
ism. Increased adrenal cortical function is often associated with a reten- 
tion of water, a decrease in the urinary excretion of sodium, an increase 
in the serum sodium level,~a decrease in the serum potassium and 
chlorides, and an increase in the urinary excretion of these ions. The 
increased urinary loss of chlorides may result in the development of a 
hypochloremic alkalosis which is more readily correctible by the ad- 
ministration of a potassium salt in addition to ammonium chloride than 
where this latter compound is employed alone. Such changes in water 
and electrolyte metabolism, however, by no means always occur. In- 
creased adrenal cortical function may not be associated with any overt 
alterations in water and electrolyte balance, or it may be characterized 
actually by a water diuresis with an increased urinary loss of sodium. 
In some instances stimulation of the adrenal cortex results in an ex- 
pansion of the extracellular space as measured by inulin.’ This increase 
in extracellular fluid volume is associated with an increase in the 
glomerular filtration rate, relatively little change in the renal plasma 
flow, and a progressive increase in the renal filtration fraction. These 
phenomena reach a peak on the eighth to tenth day and are then fol- 
lowed by a urinary diuresis of water, sodium, and, to a lesser extent, of 
potassium, even though treatment with corticotropin is continued. 
Increased adrenal cortical function is characterized by still other 
changes. There may occur significant alterations in carbohydrate and 
protein metabolism and changes in the metabolism of calcium and 
phosphorus. With hypercorticalism there occurs a decrease in the ab- 
sorption of calcium and phosphorus from the intestinal tract and an in- 
crease in the fecal excretion of the former ion and, to a lesser extent, 
of the latter. That this is not an expression simply of decreased absorp- 
tion of these ions is evidenced by the fact that the total calcium excre- 
tion is considerably in excess of the intake.* For the formation of bone, 
calcium is deposited in a bony matrix which ts essentially protein in 
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character. With increased adrenal cortical function there occurs a 


decrease in the protein body mass including that of the bony matrix, 
so that the deposition of calcium for the formation of bone is interfered 
with. The reduction in protein mass in adrenal cortical hyperfunction 
is due to an interference with the build-up of amino acids for the 
formation of protein, the so-called “antianabolic” effect, and perhaps 


‘ 


to an increase in the breakdown of proteins, the “catabolic” effect. The 
interference with the buildup of proteins from amino acids and the 
increased formation of amino acids from the excessive catabolism of 
proteins permits the diversion of the accumulated amino acids for 
gluconeogenesis. Carbohydrate metabolism is further interfered with 
in that certain adrenal cortical fractions inhibit the peripheral utilization 
of glucose. In view of these findings the hypoglycemia of Addison’s 
disease and the hyperglycemia and glycosuria of Cushing’s syndrome 
become understandable. 

With these general observations as a background, let us examine 
some of the clinical manifestations and laboratory means available to 
us for the recognition of adrenal cortical disease. 


ADRENAL CorticaL HypreRrUNCTION 


When we speak of adrenal cortical hyperfunction we must bear in 
mind two different sets of signs and symptoms: 1) those associated with 
sexual abnormalities, which we refer to as the adrenogenital or viriliz- 
ing syndrome, characterized by hirsutism, amenorrhea, enlargement of 
the clitoris, decrease in size of the breasts, female pseudohermaphrodit- 
ism, etc.; and 2) metabolic abnormalities characterized by purplish 
striae, obesity, rounding of the facies, hypertension, osteoporosis, and 
disturbance in carbohydrate metabolism. The latter group of signs and 
symptoms is referred to as Cushing’s syndrome. Most patients with 
adrenal cortical hyperfunction present a combination of both groups, 
but in some cases one may be present to the exclusion of the other, or 
one may be preponderantly present. ‘There is a difference in prognosis 
between the two groups of patients which should be remembered. 
Patients with the adrenogenital syndrome alone, due to adrenal cortical 
tumor or hyperplasia, constitute a good operative risk. When patients 
have evidence of Cushing’s syndrome, however, the removal of an 
adrenal tumor is associated with a considerable operative risk, since the 
contralateral adrenal is usually atrophic, and following the operation 


. 


BULLE 


1odg 


these patients often develop a severe and curious shock not readily 
responsive to the usual forms of therapy. The pure adrenogenital syn- 
drome of adrenal origin is always associated with either adrenal cortical 
hyperplasia or tumor. Cushing’s syndrome, however, may be due to a 
pituitary basophilic adenoma or an adrenal cortical tumor or hyper- 
plasia. In any event, both syndromes are the result of increased adrenal 
cortical function. 

Increased adrenal cortical function should theoretically be charac- 
terized by: 1) increase in serum sodium, reduction in serum potassium 
and chloride; 2) development of a hypochloremic, hy popotassemic 
alkalosis; 3) increase in the urinary excretion of the neutral 17-ketoster- 
oids and 11-oxygenated steroids, Actually, in only half of the patients 
with pathologically proven adrenal cortical tumor or hyperplasia with 
a characteristic clinical picture is there any change in the blood elec- 
trolytes. So that a perfectly normal electrolyte pattern does not mitigate 
against the diagnosis, while a considerable elevation of the serum sodium 
level and the development of a hypochloremic, hypopotassenuc alka- 
losis is strongly suggestive of the diagnosis. It is perhaps interesting to 
mention that prolonged treatment with cortisone or ACTH will often 
induce precisely these electrolyte changes. The urinary excretion of 
the neutral 17-ketosteroids is generally increased in patients with the 
adrenogenital syndrome, particularly in those instances associated with 
bilateral adrenal cortical hyperplasia or malignant tumor. The it- 
oxygenated steroids in patients with a preponderant or pure virilizing 
syndrome may or may not be increased slightly but are generally nor- 
mal. In patients with a preponderant Cushing’s syndrome the urinary 
excretion of the neutral 17-ketosteroids is generally within the normal 
range or only slightly elevated in instances due to pituitary basophilism 
or in instances of a benign adrenal cortical tumor, The urinary excretion 
of the 11-oxygenated steroids ts usually, but not always, increased in 
this group of patients. When the syndrome is due to a malignant tumor, 
the urinary excretion of both fractions is as a rule considerably elevated. 
In summary, then, a markedly elevated excretion of the neutral 17- 
ketosteroids favors the diagnosis of a hormone-producing adrenal cort- 
cal carcinoma, be the clinical picture that of virilism, Cushing’s syn- 
drome, or both. In adrenal cortical hyperplasia with virilism, such as 
occurs in female pseudohermaphroditism or virilism associated with a 


benign adrenal cortical tumor, the urinary excretion of the neutral 17- 
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ketosteroids is usually considerably increased. Cushing’s syndrome due 


to pituitary basophilism or benign adrenal cortical tumor is frequently 
associated with no or slight increase in the excretion of the neutral 17- 
ketosteroids and some increase in the urinary 11-oxygenated steroids, 

It is sometimes possible to distinguish between adrenal cortical tumor 
and hyperplasia in virilism by determining the influence of cortisone on 
the urinary excretion of the neutral 17-ketosteroids. In those instances 
of virilism associated with an increase in the urinary excretion of these 
fractions the daily administration of 100 mgm. of cortisone for several 
days will result in a reduction in the urmary 17-ketosteroids in instances 
due to bilateral adrenal cortical hyperplasia, but no change in those cases 
where the syndrome ts due to tumor.’ 

Finally, patients with adrenal cortical hyperfunction may show a 
paradoxical response to the injection of desoxycorticosterone acetate. 
The injection of desoxycorticosterone into normal individuals or pa- 
tients with Addison’s disease is associated with a retention of fluid and 
a decrease in the urimary excretion of sodium. In patients with adrenal 
cortical hyperfunction, however, the injection of this fraction under 
test conditions is often associated with an increase in the urinary ex- 
cretion of both sodium and chloride.’ 

It must be emphasized that all of these tests are much more signifi- 
cant when they are positive and of much more questionable value when 


they are negative. 


Aprenat Corricat 


\side from the clinical picture of Addison’s disease, which is rather 
characteristic and evidenced by profound asthenia, weight loss, piginen- 
tation, hypotension, anorexia, nausea and vomiting, Constipation or 
diarrhea, and episodes of crisis, the following laboratory procedures 
are of great help in establishing the diagnosis: 1) Determination of the 
blood electrolytes. During the interim period, that is the period when 
the patient is not in crisis, there may or may not be a reduction in the 
serum sodium and chloride levels and a modest elevation in the serum 
potassium. When the patient presents the classical clinical picture of 
Addison’s disease and this is associated with a significant reduction in 
serum sodium to less than 135 meq/1, the diagnosis of Addison’s disease 
may be considered well established. A normal serum sodium, however, 


does not exclude the diagnosis. 2) Salt deprivation test. When a normal 
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individual is placed on a salt free diet there promptly occurs a propor- 


tionate decrease in the urinary excretion of sodium, and such individuals 
may continue on a sodium restricted diet for an indefinitely prolonged 
period of time without any undue ill effects. Witness the patients with 
hypertension who are maintained on rice diets, such diets being ex- 
ceedingly low in sodium, averaging 7 to 8 meq/Na daily. The patients 
with Addison’s disease, however, behave quite differently. The illness 
is characterized by a constant excessive urinary loss of sodium. When 
such patients are placed on a salt free diet they continue to lese sodium 
in the urine and with it water, so that they are in negative sodium and 
water balance. The patient with Addison’s disease when placed on a 
restricted sodium intake will be precipitated into adrenal crisis within 
two to six days. In performing this test, however, one must not pro- 
long it to the point where the patient develops overt clinical evidences 
of acute adrenal cortical insufficiency. A reduction in the serum sodium 
and chloride levels, an increase in the hematocrit suggesting dehydra- 
tion and hemoconcentration, an increase in the blood urea nitrogen, 
and a significant reduction in blood pressure are all evidences of im- 
paired adrenal cortical function, constitute a positive test, and occur 
before more significant clinical signs of adrenal insufficiency occur. 
When a laboratory is not available for the determination of serum 
sodium or chloride: the changes outlined above in the blood pressure, 
urea nitrogen, and hematocrit are ample. 

A positive response to the salt deprivation test is indisputable evi- 
dence of marked impairment of adrenal cortical function, and the 
absence of such a response in a suspected patient renders the diagnosis 
untenable. However, the test is not without hazard and should be per- 
formed in a hospital under careful observation and with intravenous 
saline and adrenal cortical extract available for immediate use if neces- 
sary. This test should not be employed unless other tests, much safer 
to the patient but perhaps less specific, yield equivocal results. 

3) Eosinophile response to stinnlation with ACTH. In the normal 
individual stimulation of the adrenals with a test dose of 25 mgm. of 
ACTH. results in a marked reduction of the absolute number of 
eosinophiles within a four hour period. In patients with Addison’s dis- 
ease a reduction generally does not occur, or is less than 50 per cent. 
This test is a satisfactory, but not always reliable, test of adrenal cortical 
hypofunction. In the normal individual adrenal stimulation with ACTH 
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at six hour intervals for a twenty-four or forty-eight hour period re- 
sults in a considerable increase in the urinary excretion of the neutral 
17-ketosteroids and the 11-oxygenated compounds. In patients with 
Addison’s disease this response does not occur. Since in the male the 
17-ketosteroids are elaborated in major part by the adrenals and one- 
third by the testes, and the 11-oxygenated steroids entirely by the 
adrenals, these fractions are markedly reduced in patients with Addi- 
son’s disease and fail to increase with stimulation with ACTH. 4) Water 
loading test.’ This test is based upon the fact that patients with Addi- 
son’s disease fail to develop an adequate diuresis within a given period 
of time following the oral ingestion of large quantities of water. The 
original test has been modified so that the patient is given 1500 cc. of 
water to drink over a forty minute period and all the urine voided 
during the next five hours collected and the volume measured. In indi- 
viduals with intact adrenals the total urinary voiding will generally 
exceed 1200 cc., while that of patients with Addison’s disease will 
measure less than 800 cc. The two major pitfalls in the use of this test 
are concerned with the presence of renal or hepatic disease where similar 
reductions in urine volume may be obtained. In patients suspected of 
having Addison’s disease on the basis of this procedure, the test may be 
further sharpened by observing the effect on the water diuresis by the 
administration of cortisone. In such patients the urine volume may be 
considerably enhanced following the oral administration of 50 mgm. 
of cortisone two to four hours prior to the ingestion of the 1500 ce. 
of water. 

The discussion thus far has centered around the recognition of 
orthodox adrenal cortical disease. But, as indicated earlier in this lecture, 
these glands play a significant role in the response of the body to a large 
variety of stressing situations and disease processes. We can perhaps 
best examine this relationship by applying the phenomenon of stress 
to clinical surgical problems. 

When an experimental animal or human is subjected to stress one 
of the mechanisms of response involves the discharge of epinephrine 
from the adrenal medulla. The epinephrine, either directly or perhaps 
through the hypothalamus, stimulates the adenohypophysis to the 
elaboration of corticotropin and thyrotropin, and perhaps other hor- 
monal fractions. The corticotropin then stimulates the adrenal cortex 
to the secretion of its steroid hormones, while the thyrotropin acts 
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sunilarly on the thyroid gland. This, in brief and rather considerably 
simplified form, is the essence of the homeostatic response to stress. 
When a patient is subjected to a surgical procedure, an acute medical 
illness, or an emotional experience, this general phenomenon comes into 
play. Following surgery there occurs a prompt and marked decrease 
of the circulating cosinophiles and an increase in the urinary excretion 
of nitrogen.” In addition, there occurs a transient increase in the urinary 
excretion of the neutral 17-ketosteroids and a more prolonged increase 
in the excretion of the 11-oxygenated compounds.” At the same time 
there occurs a decrease in the sodium and chloride content of sweat,’® 
a reduction in the serum chloride and potassium levels, and often an 
in the CQO» content." 

These phenomena are recognizable as identical with similar changes 
which occur following the administration of corticotropin. It would 
appear reasonable, therefore, to assume that the act of surgery evokes 
a temporary hyperadrenocorticalism which is important for the adequate 
response of the patient to the surgical procedure. It is possible and de- 
sirable to determine the integrity of this mechanism before the patient 
is subjected to anesthesia and surgery. The effect of corticotropin on 
the peripheral cosinophile count and the water loading test provide two 
sunple methods for assaying the status of the adrenals. Where the re- 
sponse to these tests is inadequate, such a patient constitutes a poor 
operative hazard unless he is adequately prepared before operation 
with the necessary adrenal cortical fractions and treated postoperatively 
with the steroids for a suitable period of time. 


Phe clinical manifestations resulting from a pheochromocytoma 


are similar to those produced following the injection of a good sized 
dose of epinephrine. Indeed, the attacks are due to the sudden libera- 
tion of excessive amounts of epinephrine and norepinephrine from 
chromophilic tssue, The disease is characterized by paroxysmal episodes 
of hypertension, cardiac palpitation, throbbing in the head, headache, 
nausea and vomiting, and, in half the patients, glycosuria, Not infre- 
quently the hypertension is permanent in character. The tests for 
pheochromocytoma are based on two principles: First, to attempt to 
induce an attack through (a) vigorous massage of the abdomen, (b) 
intravenous injection of o.o; mg. of histamine base, and (c) the in- 
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travenous injection of 200 to 300 mgm. of tetraethylammonium chlor- 
ide. In the presence of a pheochromocytoma, the latter two will each 
cause a marked rise in the systolic and diastolic blood pressure within 
three to five minutes and a duplication of an attack. The advantage of 
the tetracthylammonium chloride lies in the fact that an induced at- 
tack can be promptly controlled by placing the patient in the upright 
position. Other agents such as mecholyl and insulin, starvation, ete., 
have also been used to induce attacks, although with only modest suc- 
cess. The second principle of diagnosis is to determine whether a partic- 
ular episode of hypertension is due to the discharge of adrenalin and 
can, therefore, be reduced by the use of adrenolytic agents. Such sub- 
stances are benzodioxane, which is used in a dosage of to to 15 mgm. 
intravenously, and regitine, 2 to 4 mgm. given intravenously, In the 
presence of hypertension due to the discharge of epinephrine, both 
chemicals will produce a marked drop in both the systolic and diastolic 
pressure within one-half to three minutes. The interpretation of these 
results is significant only if the changes in blood pressure are marked. 
The effect of regitine is further conditioned by the presence of renal 
damage with azotemia. Under such circumstances this agent will cause 
a reduction in blood pressure in the absence of a pheochromocytoma, 


‘Tue Lanorarory RecoGNnrrion or Prrurrary DistURBANCES 


Iextensive destruction of the adenohy pophysis is characterized by a 


typical clinical picture, referred to as Simmonds’ cachexia or, more 
lately, Sheehan’s syndrome. The latter applies essentially to those in- 
stances of adenohypophysial destruction which occur secondary to a 
postpartum hemorrhage. In the presence of such extensive destruction 
there are both clinical and laboratory evidences of involvement of the 
other endocrine glands, particularly the adrenals, gonads, and thyroid. 
The difficulty arises in the recognition of more circumscribed and 
limited adenohypophysial disease. The presence of ov eractivity of the 
pituitary can be recognized more readily in association with the proper 
clinical picture, rather than by laboratory tests. We know that the 
clinical picture of acromegaly is due to excessive hormonal secretion 
of the eosinophilic cells of the pituitary. The associated evidences of 
hyperthyroidism or disturbances in carbohydrate metabolism, although 
in the presence of acromegaly, have their origin in the disturbed func- 
tion of the adenohypophysis, and by themselves are not pathognomonic 
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of pituitary disease. Similarly, in Cushing’s syndrome we can suspect the 
pituitary origin of the illness only if we are certain as to the absence 
of an adrenal tumor, So that, in a broad sense, we can suspect the pres- 
ence of pituitary disease where we can demonstrate a simultaneous dis- 
turbance of function of several endocrine glands, either by clinical 
or laboratory methods. In this regard, then, a low basal metabolic rate 
with a decrease in uptake of radioactive iodine, occurring along with a 
significant decrease in the urinary excretion of the 17-ketosteroids and 
the 11-oxygenated steroids, and a reduction or absence of urinary 
gonadotropin, suggests the diagnosis of impaired adenohy pophysial 
function. 

Phe major difficulty in diagnosis arises in the differentiation between 
primary and pituitary myxedema, and their differentiation is based upon 
the following features: 1) the clinical and laboratory response to ex- 
ogenous thyrotropin, 2) clinical and laboratory evidence of involvement 
of the other endocrine glands; 3) insulin and insulin-glucose tolerance 
tests; and 4) exophthalmometric readings. In patients with hypothyroid- 
ism due to injury or destruction of the adenohypophysis, the parenteral 
administration of thyrotropin in a daily dosage of 10 to 20 mgm. Is 
followed by an increase in the serum protein-bound iodine. ‘These 
laboratory changes are associated with improvement in the clinical pic- 
ture. In the patient with primary myxedema, however, none of these 
changes 1s to be expected. This method may also serve to detect those 
instances of selective failure of thyrotropin secretion not associated 
with failure of other cndocrine glands. The administration of thyrotro- 
pin or thyroid extract to patients with pituitary myxedema, however, 
is fraught with some hazard. The increased metabolic needs attendant 
upon the use of these agents may exceed the ability of the adrenal 
cortex to supply sufficient adrenocortical hormones and thus precipi- 
tate adrenal insufficiency. Thus, its use in patients with Sheehan's syn- 
drome must be approached cautiously. We can get some inkling of 
approaching adrenal exhaustion on the basis of certain laboratory 


observations, In some studies conducted in our laboratory we found that 


the administration of thyrotropin to patients with adenohy pophysial 
destruction was followed by a progressive decrease in the urinary ex- 
cretion of the 11-oxygenated steroids which were already low to begin 
with. Their total disappearance from the urine was promptly followed 
by the development of adrenal crisis. On the other hand, the urinary 
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excretion of the neutral 17-ketosteroids remained unaffected. This may 
be contrasted with the results observed in patients with thyroidal 
myxedema in which the urinary excretion of these compounds remained 
unaffected despite prolonged treatment with thyrotropin. This does 
not mean that adrenal insufficiency may not occur in patients with pri- 
mary myxedema. Indeed, such instances have been reported, but, in 
contrast to the situation which prevails in’ patients with pituitary 


myxedema, adequate therapy with desiccated thyroid extract resulted 


in a marked improvement of adrenal cortical function, 

Blood and urine assays for thyrotropin would theoretically furnish 
an excellent means of distinguishing between primary and secondary 
myxedema. In the former, since there is a marked increase in the pitui- 
tary secretion of this fraction, it would be reflected in its increase in 
both the blood and the urine, while the latter would be characterized 
by its decreased secretion and, therefore, either reduction or complete 
absence from the blood and urine. Unfortunately, the procedures which 
are at present available for its identification are unsatisfactory. We are 
engaged in the measurement of the urinary excretion of this pituitary 
fraction employing the uptake of I'*' by the thyroid of the young 
guinea pig. Preliminary evidence would indicate that, as we suspect 
on experimental grounds, there is an increase in the urinary excretion 
of a thyroid stimulating fraction in patients with primary hypothy- 
roidism. 

We can sometimes utilize exophthalmometric measurements to dis- 
tinguish between primary and secondary myxedema. 
may perhaps be attributed to the effects of some adenohypophysial 
fraction on the retro-orbital tissue. It is by no means certain that this 
fraction is thyrotropin. There is considerable evidence to suggest that 
some other fraction in addition to thyrotropin is essential for the pro- 
duction of this phenomenon, In any event, it would be expected that 
in patients with primary myxedema, where the pituitary secretes ex- 
cessive quantities of these fractions, the degree of exophthalmos would 
in general exceed that encountered in patients with pituitary insuffi- 
ciency. However, since the range of exophthaimometric readings in 
normal subjects is wide, it is not surprising that the readings found in 
patients with primary myxedema frequently fall within the normal 
range, although not infrequently definite exophthalmic measurements 


are observed. In such patients, the exophthalmometric readings decrease 
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following treatment of the myxedema with thyroid extract. The data 
available in patients with hypopituitarism are scant, but the values, in- 
cluding those reported from our laboratory, are well within the normal 
limits. Normal exophthalmometric measurements may not be used as 
evidence for or against primary or secondary myxedema. However, the 
association of exophthalmos with hypothyroidism would suggest’ pri- 
mary thyroid disease. 

As mentioned previously, when hypothyroidism ts associated with 
laboratory evidence of impairment of function of the other endocrine 
glands, the presence of primary pituitary disease must be strongly 
suspected. Means and his associates pointed out that hypothyroidism 
associated with a low urinary gonadotropin tter in the presence of 
amenorrhea would suggest the pituitary origin of the myxedema. A 
normal or elevated tter is more commonly encountered in primary 
myxedema. The distinction on the basis of the urinary gonadotropin 
excretion Is by no means absolute. Reduced urinary gonadotropin titers 
have been reported in primary myxedema, but, interestingly enough, 
in the latter group of patients the administration of desiccated thyroid 
extract results in an increase in the urinary excretion of gonadotropin, 
occurring concomitantly with improvement in the clinical picture. 

Phe response to insulin is a useful adjuvant in the diagnosis of de- 
ficient pituitary function, In this test we are not so much concerned 
with the degree of reduction of the blood sugar level as we are with the 
period of time that elapses until the blood sugar returns to a normal 
level. This phenomenon ts referred to as “hypoglycemia unresponsive- 
ness.” \When 3 to 5 units of insulin are parenterally administered to a 
normal individual there may occur a drop in the blood sugar to hypo- 
glycemic levels, which attains its lowest point within twenty to thirty 
minutes and returns to normal levels within one and one-half to two 
hours. In patients with true hypopituitarism, the drop in the blood 
sugar level following the administration of insulin may or may not 
be as marked as that observed in normal individuals but its return to 
normal levels is delayed, generally beyond the two hour period. It 1s 
this point, rather than the extent of the drop, which is significant. The 
patient with primary myxedema behaves in sull another fashion. Here 
there is a delay in the reduction of the blood sugar level, so that the 
lowest point may aot be reached for forty-five minutes, while the 
return to pretreatment level may or may not be prolonged. When the 
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combined insulin-glucose tolerance test is employed, the test is further 
sharpened in that the “hypoglycemia unresponsiveness” of the patient 
with hypopituitarism is easily demonstrated, while the curve which ts 
obtained in the patient with primary myxedema resembles that of the 
normal subject. 

In the final analysis, there is no one procedure which distinguishes 
amongst the various conflicting endocrine states. It requires the intelli- 
gent correlation of clinical judgment and laboratory observations to 
arrive at the correct conclusion. Often simple procedures can serve our 
purposes adequately. In a patient with myxedema we can sometimes 
establish the primary character of the disease by passing a Geiger coun- 
ter over the neck and upper chest following the administration of a 
tracer dose of radioactive iodine. If no uptake occurs, this is good pre- 
sumptive evidence that such a patient has congenital absence of the 
thyroid and, therefore, has primary myxedema. In such instances clab- 
orate laboratory procedures are not required to establish the precise 
diagnosis. Similarly, a careful history, an intelligent physical examina- 
tion, x-ray studies of the sella demonstrating enlargement and erosion 
of the floor or clinoid processes will establish the correct diagnosis in 
many instances. Finally, it is important to remember that the interpre- 
tation of the multiple laboratory procedures that a patient may be sub- 
jected to is not always simple, nor are the results always clear-cut. 
Considerable overlapping of results occurs, and the findings can only 
serve as an adjuvant to careful clinical observation and study. 
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Lisrary CLosep JANUARY 26 THROUGH MIARCH 11, 1953 


Because of renovations in the reading rooms, the Academy Library 


will be closed to all readers from January 26 through March 11, 1953. 


\s far as circumstances permit mail and telephone Inquiries will be 


answered Monday through Friday, from 9 A.M. to 5 P.M. only. Photo- 


duplication and interlibrary loans will continue, and books may be 


borrowed by Fellows and subscribers who can send for them before 


5 


P.M. 


We regret the inconvenience to our readers. 


Jaxer Dor, Librarian 
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EFFECTS OF SUBTOTAL 
ADRENALECTOMY ALONE AND 
COMBINED WITH SYMPATHECTOMY 
UPON THE BLOOD PRESSURE LEVELS 
AND COMPLICATIONS OF SEVERE 
ARTERIAL HYPERTENSION * 


Cuarces C. Worrertru, Witttam A, Jerrers, Harotp A, Zinter, 


Josepn H. Harkenscuter, A. Gorman Hits 


SarieNrs with arterial hypertensive disease may exhibit 


periods of inexplicable spontaneous lowering of blood 


P pressure, improvement of cardiac function or even re- 


gression of eye ground changes. The importance of 
rh a recognizing that such spontaneous improvements can 
occur irrespective of coincidental treatment has frequently been stressed. 
However, as hypertensive disease advances and the all too familiar signs 
of an ominous prognosis begin to make their appearance, periods of 
spontaneous improvement are less commonly observed. The acid test 
of treatment is what it can accomplish at such stages of the disease. 
Ever since hypotension was recognized as one of the cardinal fea- 
tures of Addison’s disease, it has been realized that the adrenal gland 
must play some important part in the maintenance of normal blood 
pressure levels. When, however, the hypertensive patient develops 
Addison’s disease, not only may the hypertension be abolished but the 
pressure may fall to hypotensive levels, much as it does in those with 
no previous hypertension, This behavior suggests that the adrenals may 
be concerned in some manner with activation of the blood pressure 
elevating mechanism of the hypertensive process. It should be stated, 
however, that in at least two reported cases, mild hypertension was 
found in Addison’s disease associated with severe renal involvement." * 
Thus, it appears that “renal hypertension” may persist in the absence 


* Read im abstract at the Stated Meeting of The New York Academy of Medicine, February 7, 1952 
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of adrenal function despite Goldblatt’s failure to produce hypertension 
in adrenalectomized animals by his renal ischemia method.’ We know 
of no adequate basis for an opinion as to a relationship between ab- 
normality of adrenal gland function and the etiology of arterial hyper- 
tension, save in the presence of certain adrenal or pituitary gland tumors. 
Despite negative results of efforts to incriminate the adrenals in the 
etiology of essential hypertension, the question cannot be regarded as 
settled at this time. For instance, the possibility exists that the develop- 
ment of methods which will permit differentiation of components of 
adrenal cortical secretion or their metabolic products upon a quantita- 
tive basis may throw light upon this problem. 

The unfavorable clinical course of Addison’s disease, and above all 
the dire consequences of acute adrenal insufficiency occasionally pro- 
duced surgically by accident in the past were undoubtedly responsible 
for the avoidance of extensive adrenalectomy in the attempt to develop 
effective treatment of hypertension. As long ago as 1914, Crile’ went 
so far as to perform unilateral adrenalectomy in an effort to control 
hypertension. DeCourcy in 1934° removed two thirds of each adrenal 
gland and in 1gs5o three-fourths.” Leriche’ combined sympathectomy 
with unilateral adrenalectomy and Neuhof* combined sympathectomy 
with the removal of half of each adrenal gland. In 1949 and again in 


1950, Green and his colleagues” '’ reported the results of almost total 
adrenalectomy in a young woman with severe arterial hypertension 
and diabetes. Convalescence was stormy and a great deal of adrenal 
cortical replacement therapy, mainly aqueous adrenal cortical extract, 
was employed in the early postoperative periods. Subsequently the 
blood pressure fell to normal levels, and the diabetes was greatly im- 
proved, At the time of the second report, it was stated that improve- 
ment had been maintained and the requirement for replacement therapy 
had diminished. 

Our interest in the possibility of developing an operative procedure 
utilizing adrenalectomy as a part of the treatment of severe, otherwise 
intractable hypertension, was originally based upon the idea that attacks 
upon various parts of the mechanism by which hypertension is main- 
tained might be more effective than treatment more limited in scope. 
It was our practice at that time to employ the Smithwick thoracolumbar 
sympathectomy in patients who had proven refractory to combinations 
of more conservative forms of treatment and who fulfilled the criteria 


. 


of eligibility for the operation. In a series of seventeen patients sub- 
mitted to that operation, unilateral adrenalectomy was also carried out 
with the idea in mind that later on in patients who had not responded 
satisfactorily, the combination of subtotal adrenalectomy and thora- 
columbar sympathectomy could be achieved by one more operative 
procedure. Brief preliminary reports of a patient from that series, later 
submitted to subtotal adrenalectomy with approximately 10 per cent 
of one gland left in situ have been published."' In addition, an account 


of our earlier experiences with various grades of subtotal adrenalectomy 


alone and the combination of subtotal adrenalectomy and sympathec- 
tomy, mainly a modification of the Adson type abdominal sympathec- 
tomy’ was published in July 1g51.'* Thorn and associates" have since 
reported early effects on hypertension produced by total adrenalectomy, 
in a series of twelve cases. 

Types of Operation and Number in Each Group: Vhe observations 
to be presented are based upon fifty-four cases in which subtotal 
adrenalectomy and two in which total adrenalectomy was performed. 
In twelve, subtotal adrenalectomy and in two total adrenalectomy was 
the sole surgical procedure employed. In the other forty-two, subtotal 
adrenalectomy has been combined with sympathectomy. In thirty-three 
of these, a modified Adson type abdominal operation was performed. 
In two patients in whom thoracolumbar sympathectomy and one in 
whom the Peet type thoracic sympathectomy had failed to achieve 
satisfactory results, subtotal adrenalectomy was performed later. In two, 
thoracolumbar sympathectomy and subtotal adrenalectomy were done 
together. In two others, the first stage of combined subtotal adrenalec- 
tomy and thoracolumbar sympathectomy was performed, but because 
of severe postoperative reaction, abdominal sympathectomy in addition 
to adrenalectomy was performed at the second stage. In two patients 
originally submitted to subtotal adrenalectomy, sympathectomy was 
done later in conjunction with an attempt to remove more adrenal 
tissue. The periods of postoperative observation extend from four to 
twenty-six months. 

In devising procedures, we have had to feel our way along in an 
almost uncharted field, proceeding on the basis that if marked lower- 
ing of blood pressure resulted from operation without unfavorable de- 
velopments, we were probably on the right track. Obviously much 
longer periods of postoperative observation are necessary than those 
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available at this me before definitive judgments can be reached regard- 


ing long term rehabilitation. However, observations can be made upon 
operative mortality and effects of operation upon blood pressure levels, 
cardiac efficiency, renal and cerebral function, retinal changes and ex- 
tent of rehabilitation of the patient during the periods of time that have 
elapsed since operation, The degree of adrenal cortical insufficiency that 
may be created by subtotal adrenalectomy and its management become 
problems of primary importance and must be evaluated among the 
results of operation. 

Development of the Operative Procedure: Our first patient, a thirty- 
three year old, light skinned Negress, had been subjected to thoracolum- 
bar sympathectomy and unilateral adrenalectomy after she had proven 
refractory to the blood pressure lowering drugs available at that time 
and had shown little response to severe dietary restrictions, including a 
rice-fruit diet. Sympathectomy and unilateral adrenalectomy produced 
temporary modest fall in blood pressure, including a temporary pos- 
tural fall. When her blood pressure again rose and she again proved 
refractory to medical treatment, it was decided to complete the sub- 
total adrenalectomy. Because of the possibility that Green and his col- 
leagues had removed more adrenal tissue than necessary to relieve hy- 
pertension, it was elected to leave 10 per cent of the remaining adrenal 
gland in situ. Only small amounts of replacement therapy were re- 
quired during the postoperative period and none thereafter aside from a 
liberal salt intake. Nevertheless she developed a mild pigmentation of 
the skin. For nearly two years the blood pressure levels have been in 
the range of 110 to 130 systolic and 70 to go diastolic, despite preopera- 
tive levels ranging around 230 systolic and 140 diastolic. Following 
operation she recovered from a state of semi-invalidism and resumed 
all her household duties, including care of her six year old child. At the 
time this is written she has successfully completed another pregnancy, 
being delivered at term by cesarean section of a fully developed ap- 
parently normal baby. An eight hour intravenous ACTH test made 
during late pregnancy more than two years after subtotal adrenalectomy 
revealed no evidence of adrenal reserve and a metabolic study has 
demonstrated her need for a liberal intake of sodium chloride. She re- 
ceived 75 mg. cortisone on the day of cesarean section and 25 mg. per 
day the first three days after operation. There was a slight rise in blood 
pressure on the day of operation to 160/110 but on the following day 
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it fell to 133/88. Whether cortisone was responsible for the temporary 
rise IN pressure scems open to question. In any event 25 mg. per day 
Was not enough to maintain elevated pressure. 

When it became apparent that hypertension had been abolished and 
rehabilitation had occurred (at least temporarily) in our first patient, 
it seemed important to determine whether similar results could be 
achieved by subtotal adrenalectomy without thoracolumbar sympathec- 
tomy, and if so, how much adrenal tissue must be sacrificed to achieve 
such a result. From the cases in which subtotal adrenalectomy alone 
was performed, we drew the follow ing tentative conclusions: 1) If 
adrenal tissue exceeding in amount approximately 10 to 15 per cent 
of one gland is left in situ, the patient may exhibit no evidence of adrenal 
insufficiency, but likewise will tend to show little if any significant 
prolonged fall in blood pressure. 2) If evidences of adrenal insufhciency 
follow subtotal adrenalectomy, the blood pressure may fall or it may 
remain elevated. Thus, in two of our patients in whom an attempt had 
been made to leave in situ 10 per cent of one adrenal gland and 5 per 
cent of the other, the blood pressure fell to normal, but replacement 
therapy was necessary. In one other in whom similar amounts of adrenal 
tissue were left in situ, there was temporary adrenal cortical insufficiency 
with fall in blood pressure to practically normal levels. Several months 
later, when replacement therapy was no longer required (regeneration 
of cortical cells? ) the pressure rose moderately but not to the preopera- 
tive levels. In two patients in whom approximately 10 per cent of one 
gland was left in situ, evidences of adrenal insufficiency appeared when 
replacement therapy was withheld, but the blood pressure remained 
clevated until nausea, vomiting and extreme weakness developed. ‘The 
use of amounts of replacement therapy barely enough to relieve such 
symptoms, caused the restoration of hypertensive levels of pressure. 
In both of these patients, renal function was regarded as adequate so 
that failure to obtain a satisfactory blood pressure response could not 
be attributed to renal insufficiency. 

None of the patients in whom subtotal adrenalectomy alone was 
performed achieved as good a result as the woman in whom this opera- 
tion had been done following thoracolumbar sympathectomy. This led 
us to reconsider combined operations. On the basis of experience with 
subtotal adrenalectomy alone, it seemed likely that the percentage of 
failures to lower blood pressure would be great if more than 10 per 
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cent of one gland was left in situ. The fact that the Adson type abdom- 
inal sympathectomy’ is easily combined with adrenalectomy and 
usually adds no more than fifteen minutes to the operation tme on 
each side, led us to a trial of this operation, slightly modified,* together 
with subtotal adrenalectomy in the hope that the more extensive but 
possibly more effective thoracolumbar sympathectomy could be 
avoided. In the report published in July rgs1, it was stated that the 
carly results in 6 cases submitted to this combined operation were prom- 
ising.'* Now that the series has been extended to thirty-three cases and 
postoperative observations are of longer duration, the earlier promise 
has thus far been fulfilled. However, in a minority of cases, notably in 
a few with extremely high diastolic blood pressure prior to operation, 
satisfactory control of blood pressure was not achieved despite the fact 
that enough adrenal tissue was removed to require replacement therapy 
in order to avoid symptoms of cortical insufficiency. For this reason 
thoracolumbar sympathectomy instead of abdominal sympathectomy 
has been performed in combination with subtotal adrenalectomy re- 
cently in two extremely severe cases. We do not know at present 
whether the more extensive sympathectomy will increase the effective- 
ness of the operation, although thus far both of these patients have done 
well. 

Vortality: Uhirteen of the fifty-six patients operated on have died. 
Two who died five and six days respectively after single stage subtotal 
adrenalectomy, were regarded as operative deaths. Both had advanced 
hypertensive disease with a group IV Smithwick rating’ and were 
recognized to be poor operative risks. Single stage operations were 
done on the assumption that the risk of one procedure despite the 
greater duration and trauma involved, might be less than that of two 
stages. Our subsequent experiences with many equally poor operative 
risks in which the two-stage procedure was carried out have not sup- 
ported that view. Postoperative reactions have tended to be less violent 
with two-stage procedures. 

Four patients with poor renal function prior to operation died of 
progressive renal failure nine to twenty weeks after operation. Another 
patient succumbed late to acute renal failure which developed following 
a subsequent operation for strangulated hernia requiring bloogl trans- 


The ganglia removed were usually T-12, L-1 and The greater and lesser splanchnic nerves 


were sectioned, No attempt was made to remove the celiac ganglion 
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fusion although she lived six weeks despite very little urine output. Two 
died of recurrent cerebral hemorrhage, one three weeks and the other 
thirteen months after operation. Three died suddenly, presumably from 
vascular accidents, but necropsy was not done. One patient died four- 
teen months after operation. Hle had been rehabilitated from severe 
congestive heart failure, had maintained a normal blood pressure and 
under ordinary circumstances required 3 to 6 mg. of cortisone in order 
to remain free from symptoms of cortical insufficiency. He was reported 
by his wife to have developed a respiratory tract infection with slight 
fever and on the second day, weakness, vomiting and diarrhea, followed 
by sudden death. Necropsy carried out in a neighboring hospital failed 
to reveal a cause of death. It seemed probable that death had resulted 
from adrenal cortical insufficiency precipitated by the combination of 
infection and gastrointestinal disturbance. The need for a small amount 
of replacement therapy even when he felt well had been demonstrated 
by metabolic study a few weeks before death. 

The fatalities seemed to warrant the following tentative conclusions: 
1) Subtotal adrenalectomy performed in One stage in poor risk patients 
is probably more hazardous than a two-stage procedure. 2) Patients 
with severe renal involvement are not improved by (a) subtotal 
or total adrenalectomy or (b) subtotal adrenalectomy combined with 
sympathectomy. The blood pressure with rare exceptions has not de- 
creased satisfactorily nor, save in two borderline cases, has the progress 
of renal disease been arrested. 3) ‘The hazard of sudden vascular acci- 
dents is not entirely removed by operation, even though the blood 
pressure be materially lowered. 4) Unless good cooperation is assured 
on the part of the patient and in addition someone in close contact with 
him, the operation should not be done. The cooperation of the patient 
is required to ensure that he follows orders in all details. The coopera- 
tion of someone in close contact with him is needed to report imme- 
diately any deviation from the usual state of health because the patient 


himself cannot be depended upon to carry out orders even in the early 


stages of adrenal insufficiency. 

Blood Pressure Behavior: The success of an operative treatment for 
arterial hypertension should not be judged entirely by differences in 
blood pressure readings obtained before and after operation, Smith- 
wick'® has emphasized the favorable five year mortality record of pa- 
tients submitted to thoracolumbar sympathectomy. Whether this and 
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other beneficial effects of that operation, such as relief of headache and 
regression of eye ground changes in patients who show little change 
in pressure from the preoperative figures, aside from a temporary pos- 
tural fall, are attributable to the prevention of surges of extremely high 
pressure remains an open question. Nevertheless, the relief of hyper- 
tension in patients in whom vascular damage or deterioration of cardiac 
function is developing as a result of high blood pressure would seem 
to be a highly desirable objective if achieved without the payment of 
too high a price. 

The adrenals, like the thyroid, have a tremendous reserve capacity, 
which is demonstrated by the fact that only a small fraction of the 
normal amount of glandular tissue 1s able to carry on adequate function 
and maintain the blood pressure at preoperative levels. However, it 
severe adrenal cortical insufficiency is produced surgically in hyperten- 
sive patients, the blood pressure usually, although not always, falls to 
normal or even to hypotensive levels. Just how the blood pressure 
lowering effect is achieved is not clear at this time. In the previously 
hypertensive patient, cortisone alone may be an intensely pressor agent. 
As little as a 3 mg. difference in daily dosage may sometimes convert 
a normal blood pressure to a hypertensive level. For this reason dosages 
of replacement therapy require careful adjustment. Success in prevent- 
ing return of hypertension may depend on that adjustment. 

Because four of the thirteen patients submitted to subtotal adrenalec- 
tomy alone died within two months after operation, there were only 
nine cases in which blood pressure behavior is of interest. The post- 
operative observations, including those made in the two patients who 
died more than a year after operation, range from eleven to twenty 
months. In four of the nine, including one who died, the effect of the 
operation upon blood pressure was negligible. In three, in whom falls 
in pressure were regarded as satisfactory, the averages of five successive 
preoperative readings in the hospital with the patient in recumbency, 
as compared with those of the last five visits have been from 185/135 
to 126/86, 234/135 to 141/75 and 205/124 to 138/103. In the remaining 
two the preoperative and the most recent averages were 200/130 to 
166/122 and 190/120 to 164/115, reductions too small to be regarded 
as satisfactory. 

The blood pressure response to the combination of subtotal adrenai- 
ectomy and abdominal sympathectomy will be discussed only in the 
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patients operated on twelve to sixteen months ago. Of the nineteen 


in this group, four have died—two of progressive renal failure, not 
arrested by operation, and two died suddenly. One of the latter sur- 
vived operation eleven months with a fall in blood pressure averages 
from 242/165 to 132/75. The other who lived five months, had a fall 
of pressure in recumbency from 222/122 to 177/109, but the averages 
of postoperative pressures when she was erect were 125/108. Among 
the fifteen survivors eight have been regarded as having a satisfactory 
fall in pressure. The preoperative and most recent averages of pressure 
in recumbency for these eight patients are as follows: 204/118 to 
132 QI, 234/133 to 142/88, 224/133 to 147/108, 231/122 to 155/100, 
193/119 tO 154/107, 212/116 to 151/98, 212,145 to 143/105 and 
200 126 to 141, 99. In three, the average falls in pressure were moderate, 
Igt/ 128 to 145/112, 229 149 to 161/111 and 243/132 to 186/110, In 
four, the falls in pressure were slight to insignificant: 253/125 to 
219/133, 218/152 to 201/144, 181/119 to 176/111 and 204/122 to 
178 116. In the fourteen additional patients operated on less than nine 
months ago, the results thus far are at least as good as in the older 
group. The single death thus far in this more recent series is the one 
mentioned above which followed operation for intestinal obstruction. 

No definite comparison of effects on blood pressure can be made 
between the group in which subtotal adrenalectomy alone was per- 
formed and that in which the same operation was combined with 
abdominal sympathectomy. In the former, some of the unsatisfactory 
results may be accounted for by the fact that too much adrenal tissue 
was left in situ. Moreover all of the patients in that series were poor 
risks, eleven of the thirteen falling in Smithwick’s Group IV, whereas 
only eight of the nineteen patients in whom results of the combined 
operation are considered here fell in Group IV. One striking difference 
is that a postural fall in pressure occurs in most cases after the combined 
operation, whereas it is the exception rather than the rule after subtotal 
adrenalectomy alone. Nevertheless, adrenal replacement therapy, given 
in amounts that raise the blood pressure level when the patient is supine, 
tends to prevent a fall to extremely low levels when he stands. Nine 
of the fifteen patients surviving twelve to sixteen months after the 
combined operation still exhibit a definite postural fall in pressure. 
Some of these receive larger doses of replacement therapy than are 
required by their metabolic needs. This is done to try to prevent pos- 
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tural fall of pressure to levels that might cause objectionable symptoms. 
Six of the fifteen patients in this series in whom less than to per cent 
of one adrenal gland was left in situ, require no replacement therapy. 
Included among these are two in whom the blood pressure has remained 
at high levels. 

Cardiac Effects: In the entire series, there were nine patients subject 
to congestive heart failure prior to operation, Five of these could not 
be relieved completely even during hospital care. In two, subtotal 
adrenalectomy was performed and in seven, the combined operation. 
All survived operation and were completely relieved of congestive 
failure, although one referred to above died fourteen months after 
operation, presumably because of neglect in following instructions 
when he developed an infection. A few of these patients still receive 
small doses of digitalis, although the need for it is no longer demon- 
strable. All are relieved of symptoms. The hearts which had been 
markedly enlarged are now either normal in size or only slightly en- 
larged. In one patient without congestive failure but subject to anginal 
pain on exertion, a satisfactory fall in blood pressure was achieved by 
the combined operation. Although his exertion tolerance has improved, 
he has not been completely relieved of his tendency to develop anginal 
pain, 

Some unfavorable cardiac results have been observed. One patient 
developed acute infarction of the posterior wall of the left ventricle 
during convalescence from the second stage of a combined operation. 
At the time, his blood pressure showed a fall to unobtainably low levels 
on standing. He has made an excellent recovery and has been able to 
return to full time employment. Two other patients had mild episodes 
of chest pain with associated minor electrocardiographic changes. Both 
have made an excellent recovery. One of the patients in whom subtotal 
adrenalectomy alone failed to control hypertension developed an attack 
of severe pain in the chest (without significant change in clectrocardio- 
grams) during convalescence from operation, followed by low grade 
fever for a week and severe congestive heart failure requiring prolonged 
treatment with digitalis and mercurials. He eventually recovered from 
heart failure but then developed a mild anginal syndrome. The heart 
which had been greatly enlarged prior to operation was not diminished 
in size nearly a year after operation. During the period of congestive 
failure, reduction of replacement therapy to a point where he developed 
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symptoms of Addison’s disease did not relieve him of fluid retention. 
The requirement for replacement therapy gradually lessened, finally 
disappeared and he became able to tolerate salt restriction without re- 
duction of blood pressure. Recently he exhibited a normal eosinophile 
response and normal increase in output of 17-ketosteroids following an 
eight hour ACTH test. For these reasons reoperation was undertaken 
approximately a year after the original operation, The adrenal fragment 
was healthy in appearance but apparently had not increased in size. 
About half was removed. A Smithwick thoracolumbar sympathectomy 
was performed on the same side and twelve days later thoracolumbar 
sympathectomy was carried out on the other side. Marked fall in 
pressure, although not to normal levels, developed after the first of these 
operations, replacement therapy was again required and for the first time 
postural hypotension was observed. Further fall in pressure developed 
after the second operation. Before leaving the hospital the heart for the 
first time exhibited significant reduction from its previously enormous 
size. 

Renal Function: Vhe greatest single cause of poor results in_ this 
study has been kidney disease advanced enough to cause serious im- 
pairment of renal function. Thus, such findings as inability to excrete 
15 per cent of phenolsulphonephthalein in fifteen minutes, a blood urea 
nitrogen level persistently above 20 mg. per cent (in the absence of 
congestive heart failure), urea clearance below 4o per cent of average 
normal function, we now believe should contraindicate adrenalectomy. 
Our disappointing results in patients with advanced renal disease appear 
to be much the same as those observed by Thorn and his colleagues 
in similar cases following total adrenalectomy."* 

Thus far we have noted little improvement of renal function even 
in patients with reduction of blood pressure to normal levels for many 
months, although Clark, Crosley and Barker" have shown in some of 
our patients that slight increase in effective renal plasma flow may occur. 

Cerebral Circulation: Studies of cerebral blood flow and cerebral 
oxygen consumption made before and after operation in seven cases 
showed little change in values.’ Similar results had been obtained before 
and after thoracolumbar sympathectomy. Thus it appears that following 
either one of these operations cerebral blood flow tends to be main- 
tained at a fairly constant rate throughout a wide range of blood pressure 
levels by a mechanism which adjusts cerebral vascular resistance. 
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The Eye Grounds: Marked improvements have been observed in 
the ocular fundi after operation.* Swelling of optic discs if present 
usually vanishes promptly as pressure falls. Likewise retinal hemorrhages 
diminish or cease and exudates disappear. Attenuation of arterioles les- 
sens and A-V crossing indentations slow ly become less marked. To 
what extent changes in the eye grounds may reflect similar changes in 
the cerebral circulation is not known. Many hypertensives with ad- 
vanced changes in the fundi exhibit no evidences of deterioration of 
cerebral function. Hlowever, in two of our patients with Grade IV 
hypertensive retinopathy (Keith-Wagener) and dulling of mental 
acuity, improvement in appearance of the fundi and significant increase 


in mental acuity began before they left the hospital. 
Discussion 


Phe Hemodynanncs of Hypertension with Reference to Treatment: 
Arterial blood pressure obviously results from the interaction of the 
other circulatory forces and the motions which are included under the 
convenient term “hemodynamics.” Thus, irrespective of neurogenic or 
humoral activities which influence circulatory functions and which must 
therefore exert effects upon blood pressure, a satisfactory understand- 
ing of the mechanism by which blood pressure regulation is achieved 
scarcely seems possible until some of the gaps in our knowledge of 
hemodynamics are filled, 

Wiggers has stated in the 1949 Edition of his textbook’® that under 
normal conditions only three factors can be concerned in producing 
alterations in mean distention of the arterial system and therefore the 
mean arterial pressure, namely an alteration in heart rate, a change in 


systolic discharge and variations in the run-off from the arterial system 


caused by active changes in the size of the arterioles and perhaps of the 
capillaries. Wiggers’ views on the hemodynamic aspects of blood pres- 
sure regulation appear to be in accord with those of most physiologists 
and usually are accepted as the basis for discussions of the hemody- 
namics of hypertension. Probably because of the fact that measurements 
of cardiac output do not tend to fall outside the normal range in hyper- 
tensive states unless or until cardiac complications develop, the emphasis 
has been on arteriolar vasoconstriction as the initiating hemodynamic 
disturbance responsible for hypertension. 


* These observations were made by Drs. Francis H. Adler, Harold G. Scheie, Irving H. Leopold 


and George Tyner. 
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It now appears that in certain important vascular beds, changes in 
peripheral resistance serve the purpose of maintaining relatively constant 
flow rather than regulation of pressure. This has been most convine- 
ingly demonstrated in the case of the cerebral circulation by studies 
such as those cited above.'’ The studies of Clark, Crosley and Barker 
on renal hemodynamics'® before and after operation in some of our 
previously hypertensive patients support the view that resistance serves 
a similar purpose in the kidneys. Recent observations by Crumpton and 
Murphy" indicate that when drastic reduction of the mean arterial 
pressure is produced by hexamethonium bromide in previously hyper- 
tensive dogs, coronary flow shows little change (actually a slight in- 
crease). To what extent peripheral resistance in various other parts of 
the systemic circulation may be concerned primarily in the regulation 
of flow rather than pressure does not appear to be clearly established 
at this time, save under special circumstances such as blood supply to 
skeletal muscles when work is being performed. 

The evidence that in various important vascular beds peripheral 
resistance serves the purpose of regulating flow rather than pressure 
raises questions of basic importance both to physiologists and to clin- 
icians. Relevant to hypertension, the validity of at least two widely 
accepted and frequently emphasized current views appear to merit 
reconsideration. 1) Do we need to fear drastic lowering of blood 
pressure because the new low head of pressure will be unable to force 
blood through vasoconstricted arteriolar channels? We had already 
learned from the blood pressure behavior of hypertensives following 
acute coronary occlusion that despite probable great reduction in 
cardiac output, cerebral and renal function are often well maintained 
until the blood pressure falls to extremely low levels. In the present 
study, reduction in blood supply to the heart, brain and kidneys as 
judged by the preservation of function of those organs following 
marked fall in blood pressure, has not been a major problem. However, 
the oft discussed possibility that a marked reduction of pressure may 
upon occasion favor occlusion of an artery at the site of pre-existing 
disease had to be considered and could not be excluded in a few of 
our patients. 2) If we think that the hemodynamic alterations in 
hypertension must be initiated and maintained by vasoconstriction of 
arterioles or perhaps metarterioles and precapillary sphincters, may we 
not be in danger of accepting an unnecessarily narrow view of the 
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problem that may close our minds to certain possibilities of treatment? 

Lack of methods for measuring the volumes of arterial and venous 
reservoirs, the tonus of vessels and their distensibility under various 
conditions, may have constituted a greater handicap to an understanding 
of the hemodynamics of blood pressure regulation than has been gen- 
erally realized. Peterson’ has recently devised an experimental pro- 
cedure whereby a volume pulse is introduced within the vascular tree 
such that the rate of change of volume has the form of a square wave. 
In this way, the pressure resulting from both volume change and 
acceleration of flow may be studied. By the use of this procedure he 
has recorded characteristics of the pressure pulses produced in both 
venous and arterial systems. Although his work is still admittedly in a 
preliminary stage, Peterson has presented evidence to indicate the im- 
portance of certain factors heretofore usually not taken into account. 
His results indicate that the rate of change of velocity of blood flow 
as the aortic valve opens may make a major contribution to the pulse 
pressure, This early steep rise in pressure which he calls the “accelera- 
tion transient’ may be relatively large when the volume ejected ts 
relatively small. It would appear also that arterial distensibility, arterial 
volume including volume change with time, and vascular tone influence 
the pressure pulse. Peterson's results tend to support views of the late 
11. ©. Bazert*! that arterial distensibility and volume of the arterial 
reservoir may exert important effects on blood pressure. The marked 
effect of rate of change of velocity of flow upon pulse pressure appears 
not to have been anticipated. 

It seems to be generally agreed that total peripheral resistance in the 
arterial tree can be calculated with a fair approach to accuracy on the 
basis of measurements of cardiac output and mean arterial pressure. 
Thus when mean arterial pressure changes, it may be assumed that 
cardiac output or peripheral resistance or both also change. If, however, 
the chief function of peripheral resistance is to maintain constancy of 
flow in large important vascular beds, the total run-off from the 
other vascular beds must remain normal provided cardiac output does 
not change. Consequently we must consider the possibility that mechan- 
isms not necessarily limited to effects upon arterioles may initiate and 
help to maintain disturbances of pressure. In the present state of our 
knowledge the matter is a subject for investigation rather than ex- 
tended discussion. The point we wish to make here is that the arteries 
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and veins may also play an important but at present: undetermined 
part in blood pressure regulation, For example, increased tone or con- 
striction of the venous system could be expected to lead to transfer 
of blood from the venous to the arterial reservoir. If such a transfer 
took place and if run-off from the capillaries were maintained at a nor- 
mal level by appropriate adjustment of peripheral resistance, the arterial 
reservoir must expand and with it the arterial walls. Changes in the 
degree of arterial wall tone and in the response of the wall to the 
stress of a systolic discharge also must occur producing an effect upon 
arterial blood pressure requiring a further readjustment of peripheral 
resistance to maimtain flow at a constant level. It is also conceivable 
that elevation of pressure might be initiated by increase in tone of the 
arterial tree without a temporary increase in cardiac output but with 
increase of total peripheral resistance to prevent increase in blood flow. 

High arterial blood pressure can be lowered only by procedures 
which interfere with the interaction of hemodynamic factors by which 
hypertension is maintained. Theoretically this might be accomplished 
by a direct attack on one or more parts of the hemodynamic mechanism 
or by an attack on neurogenic or hormonal influences that help to main- 
tain the hemodynamic support for hypertension. In accordance with the 
widened concept of the hemodynamic control of blood pressure sug- 
gested above, one is not necessarily limited in treating hypertension to 
the election of measures designed solely to combat either an assumed 
neurogenic or hormonal altered function of arterioles. We have pro- 
ceeded upon the assumption that hypertension, irrespective of | its 
cniology or pathogenesis, may be open to attack upon a wide hemo- 
dynamic front by means of either the neurogenic or hormonal control 
or both. The pressure response may not depend w holly upon a single 
hemodynamic change as it presumably does after myocardial infarction. 
Fall in pressure might result from the additive effects of interference 
with neurogeme and hormonal control of a single hemodynamic fune- 
tion or upon a combination, no one of which alone would be capable of 
producing a decisive effect. In this connection it may be of interest to 
comment upon certain aspects of the behavior of orthostatic hy poten- 
sion. A postural fall in pressure (often temporary) tends to develop 
after splanchnic denervation. As stated above, subtotal adrenalectomy 
alone does not tend to produce a postural fall in pressure. Nevertheless 
subtotal adrenalectomy can produce postural hypotension in-patients 
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previously subjected to sympathectomy as was clearly demonstrated in 
two of our cases. This would appear to be an example of additive effect 
produced by the combination of disturbance of neurogenic and humoral 
blood pressure regulating mechanisms. The possibility that additive ef- 
fects might operate upon blood pressure levels independently of such 
special conditions as those created by change in posture was what 
moved us to combine subtotal adrenalectomy with sympathectomy. The 
observation that patients whose blood pressure was not satisfactorily 
lowered by operation are sometimes more responsive than before opera- 
tion to blood pressure lowering drugs,** might be accounted for by 
additive effects. Conceivably such effects might be exerted upon the 
same part or upon different parts of the hemodynamic mechanism. 
Completely satisfactory studies of such problems are not possible at this 
time because some of the requisite measurements cannot be made. 
Adrenal Function and Blood Pressure Control: If adrenalectomy 
is to achieve a place for itself in the treatment of essential hypertension, 
it becomes important to ascertain whether the best results will be 
achieved by attempting to leave in situ as much adrenal tssue as is 


consistent with the objective of lowering blood pressure, or whether 


14 


nearly total adrenalectomy” or total adrenalectomy" should be done. 
Advantages of total adrenalectomy are 1) avoidance of failure to lower 
pressure because at operation too much adrenal tissue is left in situ 
(unless a functioning cortical rest exists), 2) regeneration of an adrenal 
fragment cannot occur, and 3) interpretations of metabolic studies and 
effects of replacement therapy are not obscured by an uncertain amount 
of adrenal cortical function. Despite these manifest advantages of total 
adrenalectomy, it seemed to us important to explore the possibility that 
the amount of adrenal cortical function necessary to sustain hypertensive 
levels of blood pressure might be less than that required to maintain 
the patient in a state of health. This problem is still not settled. In none 
of the few patients in whom adequate postoperative studies have been 
made thus far (irrespective of whether or not replacement therapy is 
required) can we assert that we have been able to reduce blood pressure 
from hypertensive levels to normal or even nearly normal by adrenalec- 
tomy without producing changes that could be regarded as evidence of 
at least slight adrenal cortical insufficiency. The important practical 
problem is whether such patients can be maintained indefinitely in a 


state of well-being with blood pressure levels in the neighborhood of 
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normal or at least greatly reduced from the preoperative range. That 


the majority of properly selected patients can be so maintained follow- 
ing the combined operation has been demonstrated so far as the periods 
of observation extend. 

Effect of Subtotal Adrenalectomy Upon Cardiac Failure: Vhe relief 
of congestive heart failure in hypertensive patients following subtotal 
adrenalectomy irrespective of whether sympathectomy 1s also done is 
comparable to the relief of similar grades of congestive failure in hyper- 
thyroid patients following effective treatment of the hyperthyroidism. 
Because of the fact that the combination of hypertension, congestive 
failure and increase in heart size, can be produced by overdosage of 
DCA (desoxycortice ysterone acetate it might be postulated that the 
improvement in the cardiac status of these patients is caused by reduc- 
tion in the DCA-like hormone effect. The possibility that the improve- 
ment is due solely to relief from the burden imposed upon the heart 
by high blood pressure has not been excluded. However, the prompt 
improvement that may occur without much lowering of pressure, in 
contrast to our experience with the course of congestive failure follow- 
ing thoracolumbar sympathectomy, suggests that sodium excretion after 
adrenalectomy may be an important factor in the relief of congestive 
failure. Irrespective of the mechanism, chronic or recurring congestive 
failure in a hypertensive furnishes a strong indication for subtotal 
adrenalectomy, provided renal function is not seriously impaired. So fat 
as We are aware, it is far superior to any other form of treatment now 
available. 

Sympathectomy versus the Combined Operation: Among the many 
points of disagreement among workers on hypertension is the status of 
sympathectomy, despite the many years such operations have been 
performed, the vast amounts of data accumulated, and the careful studies 
that have been made. At least four different types of operation varying 
in extent from total removal of the ganglionic chains to limited abdom- 
inal sympathectomy are currently recommended, each type of opera- 
tion having strong supporters. With regard to the indications for opera- 
tion, it may be said that, in general, the younger the patient, the shorter 
the duration of hypertension and the less severe the hypertensive process 
in terms of vascular deterioration or cardiac exhaustion, the better the 
state of the patient after operation. Many workers are not greatly im- 
pressed by such facts and point out that patients with relatively mild 
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hypertensive disease may live a long time and do very well without 
operation. Moreover, they point to the fact that in many patients the 
blood pressure is not lowered materially after operation aside from 
the temporary postural fall in pressure. The most effective rebuttal 
against the conservative position is that of Smithwick'* who points to 
his statistics showing a significantly lower mortality over five year 
periods. The lower mortality applies to the relatively mild cases in- 
cluded in his Groups I, IL and ILL The five year mortality of patients 
with severe hypertensive disease ts little improved by operation although 
headache may be relieved and the progress of retinopathy may be 
arrested. 

Our experience with thoracolumbar sympathectomy, although lim- 
ited in comparison with that of Smithwick, appears to be in agreement 
with his observations. We have been somewhat discouraged by the 
tendency of blood pressure with the passage of time to creep back 
toward the preoperative level. This tendency, observed by others, has 
led to such suggestions as regrowth of the sectioned portions of the 
sympathetic nervous system, or increase in effectiveness of sympathetic 
activity via neurons which presumably do not enter the ganglia and 
thus escape division. Llowever, it seems possible that certain physiologic 
readjustments gradually substitute at least in part for the effect of the 
lost sympathetic function upon blood pressure. This conceivably might 
be the intrinsic mechanism within the walls of the blood vessels or 
it might be a humoral mechanism stimulated to increased activity be- 
cause of the loss of sympathetic nerve function. It is this readjustment 
to sympathectomy which apparently more than anything else impairs 
its effectiveness and renders prediction tests based on effects of so-called 
sympatholytic drugs unreliable. In fact, loss of effectiveness of certain 
drugs in the treatment of hypertension may be due to the same type 
of readjustment that occurs after sympathectomy. 

If one could neutralize the readjustment or compensation for loss 
of sympathetic nerve function after sympathectomy, this alone would 


probably constitute a great advance in treatment. If the compensatory 


mechanism that develops following sympathectomy happens to be 
humoral, the possibility that adrenalectomy, aside from its own effects 
in lowering blood pressure, might block this mechanism and_ render 
sympathectomy far more effective deserves exploration, Our data do 
not permit nor even suggest an answer to such a question. The fall in 


Subtotal Adrenalectomy and Arterial Hypertension 1 33 


blood pressure atter adrenalectomy alone, aside from a very early fall 
frequently noted within twelve to twenty-four hours after operation, 
which is not sustained, is slow and gradual over the course of a month 
or two. The pressure may then remain low or there may be a slow but 
usually limited increase. In contrast is the precipitous fall in pressure 
after sympathectomy, which is at its maximum as soon as severance 
of the nerves is completed (unless shock occurs later). These two 
different forms of behavior appear to indicate two different forms of 
attack upon the mechanism of hypertension. When the two procedures 
are combined, the pressure not only tends to drop promptly, but stays 
down in the successful cases unless excessive dosage of replacement 
therapy 1s administered. This behavior is the greatest point of superior- 
ity of the combined operation (and in some cases adrenalectomy alone) 
over sympathectomy. 

We are not ready at this time to recommend the adoption of proce- 
dures such as those described here, except to groups interested in the 
investigative problems of hypertensive disease. This is still an investiga- 
tive project which we hope will provide information leading to the 
development of far less radical but at least equally effective methods 
of treatment. There is at present, no justification for applying these 
procedures to patients who respond to conservative forms of treatment 
or to those with a reasonably good prognosis. They should be applied 
only to patients who have little to lose, those in whom vascular de- 
terioration is progressive to the point that they are threatened with 
impairment of vision, deterioration of cerebral function, intractable 
cardiac failure or uremia. [lowever, if patients are to derive benefit 
they must be operated on before renal failure is in too advanced a 


stage or before hopeless stages of cerebral damage have occurred. 
SUMMARY 


1. A study has been made of the applicability of adrenalectomy 
to the treatment of severe, otherwise intractable arterial hypertension. 
The present report deals with fifty-six cases with periods of post- 
operative observation ranging in duration from twenty-six to four 
months. 

2. The amount of adrenal tissue capable of maintaining patients 
in a state of satisfactory health, in the absence of special stress such as 


severe infection, is relatively small. In some, no more than ¢ per cent of 
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the total adrenal mass appears to be adequate for that purpose. 

3. It has not been demonstrated thus far that reduction of arterial 
blood pressure from hypertensive levels can be achieved by adrenalec- 
tomy unless at least slight adrenal cortical deficiency is produced. ‘Thus, 
failure to control hypertension will occur frequently if less than 95 
per cent of the adrenal tissue is removed. The relative merits of sub- 
total versus total adrenalectomy in the treatment of severe hyperten- 
sion have not yet been established. 

4. It has been our impression to date that better control of blood 
pressure levels and more satisfactory clinical results are obtained by 
combining either abdominal sympathectomy and splanchnicectomy or 
thoracolumbar sympathectomy with subtotal adrenalectomy than are 
achieved by the latter operation alone. Further studies bearing on these 
problems will be required. 

5. Thirteen of the fifty-six patients subjected to adrenalectomy 
have died. The survival rate could be improved materially by 1) rejec- 
tion of patients with advanced renal disease, and 2) avoidance of single- 
stage operations. An occasional death from a vascular accident at some 
time after operation appears to be unavoidable in patients with advanced 
vascular disease even though marked reduction of blood pressure is 
achieved. 

6. The indications for adrenal cortical replacement therapy after 
adrenalectomy have been discussed. The possible sudden increase in 
requirements as a result of infection, gastrointestinal disturbance, ex- 
tremely hot weather, or other forms of stress, must be kept in mind 
even in those who ordinarily require no replacement therapy. Failure 
to observe such precautions may lead to the rapid development of 
severe adrenal insufficiency or even to death if readjustment of treat- 
ment is delayed too long. 

7. Subtotal adrenalectomy with or without sympathectomy has 
exhibited a remarkable beneficial effect upon nine cases of congestive 
heart failure complicating hypertensive disease. It is suggested that this 
improvement may be attributed in part to lowering of blood pressure 
and in part to altered regulation of electrolytes. Because of the results 
obtained in these patients, it now appears that intractable or frequently 
recurring congestive heart failure in a hypertensive, unless too severe 
to warrant the hazard of operation, constitutes a positive indication for 
subtotal adrenalectomy. 
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8. The results of subtotal adrenalectomy with or without sympa- 
thectomy have been disappointing in hypertensives with advanced 
impairment of renal function. The degree of reduction in blood pressure 
has tended to be progressive. In patients with lesser grades of renal in- 
volvement, lowering of pressure and general improvement may occur al- 
though little improvement in renal function has thus far been observed. 

g. Marked improvement in so-called hypertensive retinopathy has 
been observed in the vast majority of patients. At least two and pos- 
sibly five cerebral vascular accidents resulting in death have occurred 
at some time following operation. Two patients with advanced mental 
deterioration and retinopathy exhibited great improvement in mental 
acuity which seemed to parallel roughly improvement in the ocular 
fundi. 

10. The results obtained in this study have been encouraging 
enough to warrant continuance of investigation. The project is not yet 
far enough advanced to justify recommendations for the widespread 
clinical adoption of the operative procedures thus far employed. There 
is at present no justification for submitting hypertensives with a rea- 
sonably good prognosis to such formidable procedures. 

11. A brief analysis of the current status of knowledge of the 
hemodynamics of blood pressure regulation is presented. It is concluded 
that reasons which have thus far been advanced to limit attempts at 


treatment of arterial hypertension to the neurogenic or possibly the 


hormonal aspects of arteriolar function are not firmly established. ‘The 
treatment of arterial hypertension, save in the limited group of cases 
in which the cause can be eradicated, must remain, at least for the 
present, upon an empirical basis. 

Since this paper has gone to press, Thorn and his associates have 
again reported on the results of bilateral complete adrenalectomy in 
patients with severe hypertensive vascular disease. As in our experience, 
the results in patients with advanced renal insufficiency were unfavor- 
able. Relief from heart failure was pronounced. (Clinical Studies on 
Bilateral Complete Adrenalectomy in Patients with Severe Hyperten- 
sive Vascular Disease, by George W. Thorn, J. Hartwell Harrison, John 
P. Merrill, Modestino G. Criscitiello, Thomas F. Frawley and John T. 
Finkenstaedt. Ann. Int. Med. Vol. 37, No. 5, p. 972, November 1952. 
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RECENT ADVANCES IN 
DERMATOLOGY * 


Cart Netson 


lrofessor of Dermatology, College of Physicians and Surgeons, Columbia University 


sesesesesesed i subject for discussion today is “Recent Advances in 
Dermatology.” Some of the advances | propose to dis- 


others are primarily applications of general medical and 


i | cuss represent strictly dermatologic accomplishments, 


w laboratory advances to dermatologic problems. Since 
time will not permit a discussion of all subjects which currently might 
deserve review, I shall select for consideration a few topics which on 
the basis of my own appraisal seem to me to be the most significant. 


‘Tue Use ovr ACTH ann Cortrisone is 


I suppose that many of us would agree that the most striking de- 
velopment in medicine during the past two years has been the use of 
ACTH and cortisone in the treatment of various diseases. This cer- 
tainly has been true in dermatology where studies on the use of corti- 
costeroids in the treatment of various dermatoses seem to have over- 
shadowed other items of progress in the field. Already a long list of 
dermatologic conditions which have been treated with ACTH and 
cortisone has been compiled. For the most part, the carly reports were 
very enthusiastic and emphasized the remarkable rapidity with which 
these hormones achieved results in a number of different skin dis- 
orders. Later on, as some of their undesirable physiological effects were 
noted and their therapeutic shortcomings became known, the estimates 
of their usefulness became more conservative. 

As in other fields, we have now found that these compounds are 
not curative. Sometimes they do bring about remissions but, in general, 
unless the disease is by its nature a self-limited one, the compounds are 
of benefit only as long as adequate dosage is continued. This necessity 
for maintenance therapy and the frequency of undesirable side effects 
indicate that ACTH and cortisone are no dermatologic panaceas. It 
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can be hoped, however, that in dermatology, as in other branches of 


medicine, these hormones will become valuable new tools for basic 
investigations of the mechanisms of certain diseases and metabolic pro- 
cesses. 

The ability of ACTH and cortisone to suppress certain types of 
allergic reactions as well as some inflammatory processes which are not 
primarily allergic in origin, probably explains in large measure their 
beneficial effect in cutaneous diseases. Apparently ACTH and cortisone 
will sometimes permit tissue cells to live in a hostile environment with- 
out showing the usual signs of damage. Although we cannot yet offer 
any final conclusions, it is possible to evaluate in a general way the 
results of the treatment of cutaneous diseases with these hormones. In 
summarizing our present knowledge of the response of various der- 
matologic conditions to ACTH and cortisone, | should like to point 
out that several of the diseases listed as being benefited by these com- 
pounds (e.g., drug eruptions, erythema multiforme, erythema nodosum, 
acute urticaria, anaphylactoid purpura, and contact dermatitis) are al- 
lergic manifestations. These are of limited duration—if the precipitating 
cause can be found and eliminated. In these, the use of the hormones 
is often beneficial since the remission induced may easily be pro- 
longed enough to cover the natural evolution of the disease. In other 
conditions such as intrinsic allergic eczema (atopic dermatitis), psoriasis, 
chronic discoid lupus and dermatitis herpetiformis, the results are not 
nearly as gratifying. These are chronic, but usually not serious derma- 
toses, in which treatment with ACTH or cortisone is followed by some 
improvement. However, the patients almost invariably relapse force- 
fully after the corticosteroids are discontinued. Many of these patients 
are unable to reconcile themselves to a return of their dermatitis and 
they become insistent in their demand for more treatment, with all of 
its possible complications. In this group of dermatoses, therefore, ACTH 
or cortisone would be indicated only in exceptional cases. 

Other diseases that we may mention include some serious and fre- 
quently fatal skin disorders in which corticosteroids represent the best 
treatment available at this time and in which their use ts definitely indi- 
cated. Systemic lupus erythematosus and pemphigus certainly belong 
to this group. Once started, the treatment very probably must be con- 
tinued for long periods of time—but this is a minor consideration when 
the patient’s life is at stake. Whether or not the ultimate fatality rates in 
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these conditions (¢.g., five years from now) will be significantly modi- 


fied by ACTH or cortisone is not known. The situation now seems a 
little more hopeful, however, since up to now we usually have not been 
able to keep the patients with these diseases alive long enough to learn 
if a permanent spontaneous remission can be attained. 

In summary, we may say that treatment with ACTH or cortisone 
has given worthwhile results in cases of systemic lupus erythematosus, 
pemphigus, some forms of sarcoidosis, certain types of generalized ex- 
foliative dermatitis, drug eruptions and other allergic dermatoses of the 
self-limiting type. For these the hormones may be recommended on 
the basis of relief of symptoms but not from the point of view of 
cure. ACTH and cortisone are not considered to be effective in un- 
complicated psoriasis, the usual eczematous patient, chronic discoid 
lupus or lymphoblastoma of the skin. 

In addition, although other investigators have had encouraging re- 
sults in the treatment of scleroderma and dermatomyositis with these 
compounds, our results in a fairly large series of cases have been quite 
disappointing. In dermatomyositis we have not observed much im- 
provement in cutaneous edema, induration, muscle strength, and muscle 
function—and biopsies of muscle after corticosteroid therapy have 
shown little histological improvement. Insofar as scleroderma is con- 
cerned, ACTH and cortisone seem to afford some subjective relief 
in early cases—at least the patients feel more comfortable, are in better 
spirits and have improved appetites. They have less joint pain, less 
dysphagia, and feel that the skin is more supple. In the more advanced 
cases of this disease such subjective improvement has been less notice- 
able and in none of our cases have the objective signs of the disease 
improved on hormone therapy. Skin temperature, pulmonary gas ex- 
change and esophageal changes as seen by x-ray have not improved 
and in biopsies of the skin we have not seen the thinning out and 
loosening of the collagen bundles observed by some investigators. 

Before leaving the subject of the corticosteroids something should 
be said about the complications of ACTH and cortisone therapy. The 
physiological effects of these hormones are now well known and the 
occurrence of a Cushing-like syndrome, alterations in electrolyte meta- 
bolism, hyperglycemia, elevated blood pressure, calcium loss and osteo- 
porosis should be familiar to all physicians. 

Of all the complications of corticosteroid therapy, perhaps the most 
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important and most disturbing one is the inability of the patient receiv- 


pyogenic skin infections, abscess formation at the sites of injection, 
pneumonias and spread of pre-existing tuberculosis are some of the 
more important ones. Thromboembolic complications have also been 
relatively common in our cases and we feel that thrombotic phenomena 
should be considered to be one of the serious complications of this 
type of therapy. Mental disturbances have also not been unusual in 
our patients and, of course, have usually necessitated discontinuance 


of the hormones. The frequency of the development of peptic ulcers 


in patients receiving ACTH or cortisone has also been impressive in 
our series of cases. In two instances perforations have occurred before 
the attending physicians realized that a peptic ulcer was present. Only 
recently | saw the fourteenth patient at the Columbia-Presbyterian 
Medical Center who had developed a peptic ulcer without having had 
symptoms or signs of such a condition prior to the administration of 
the corticosteroids. 

Dosage schedules for treatment with ACTH and cortisone require 
no comment since they are already well known to practicing physicians. 
Regarding any differences in the results of treatment with ACTH on 
the one hand and cortisone on the other [| think it is fair to say that 
we have observed no differential therapeutic effect between the two 
compounds. If the patient has an adrenal cortex and if enough of the 
particular hormone is given, the results, by and large, are about the 
same with cortisone as with ACTHI. 


‘TREPONEMAL IMMOBILIZING ANTIBODY AND THI 
“TREPONEMAL [MMOBILIZATION 


The standard serological tests for syphilis in use at the present time 
enable us to detect syphilitic infection with a relatively high degree of 
accuracy. [hese tests measure the presence of Wassermann antibody or 
“reagin” developed in the blood, and sometimes the spinal fluid, during 
the course of syphilitic infections. This Wassermann-type antibody, 
however, is not a specific antibody—for it occurs, not only in trepone- 
mal infections but also in certain other diseases such as infectious mono- 
nucleosis, leprosy, malaria, systemic lupus erythematosus, etc. Indeed, it 
sometimes is found in small amounts in perfectly normal individuals. 

Recently a method has been devised for demonstrating the presence 


ing the hormones to handle infectious processes. Furunculosis and other 
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of an antibody in the sera of syphilitic persons which is distinct from the 
Wassermann-type antibody and which has the specific ability to im- 
mobilize virulent Treponema pallidum in vitro. This immobilizing 
antibody is present in human sera shortly after the onset of syphilitic 
infection. It is associated with the globulin fraction of the serum, re- 
quires complement for its action, is relatively heat stable, and apparently 
is spirochericidal. In syphilitic patients the immobilizing antibody de- 
velops during the early stages of the disease (sometimes rather slowly) 
and the percentage of positive immobilization tests increases with the 
duration of the infection. Since the treponemal immobilizing antibody 
does not occur in the sera of normal individuals or those with other 
diseases, except yaws and pinta, the test appears to afford a reliable 
method for detecting biologic false-positive reactors. However, at the 
present time the technique of the T. P. L. test is so cumbersome, time- 
consuming and expensive, that its use must necessarily be limited to a 
few research laboratories. 

The technique used for the detection and measurement of the im- 
mobilizing antibody employs virulent T. pallidum as the antigen. The 
organisms are extracted from rabbit testicular syphilomas in a special 
basal medium under anaerobic conditions. The suspension obtained is 
mixed with guinea pig complement and dilutions of the serum to be 
tested. After sixteen to eighteen hours of anaerobic incubation at 35° C 
the percentage of immobilized spirochetes is determined by examination 
under the dark-field microscope. The test is interpreted as positive if the 
difference in motility determinations between the complement-contain- 
ing sample and the complement-free control exceeds 50 per cent. Since 
the organisms are either fully active or quite nonmotile under these 


conditions, the differentiation of positive and negative tests is usually 


quite clear-cut. Non-specific immobilization may occur if penicillin 
or other spirocheticidal agents are present in the serum or if the spiro- 
chetes used in the test are taken from rabbit syphilomas that are so 
old that they have become sensitized to antibody already developed in 
the infected rabbit itself. Non-specific immobilization may also occur if 
the blood serum has been collected in tubes that are not chemically 
clean. 

Although the number of sera tested by this method is still relatively 
small, the results indicate that the detection of treponemal immobilizing 
antibody is an accurate test for the diagnosis of human syphilis. The im- 
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mobilizing substance appears in the serum during the primary and 
secondary stages of syphilitic infection and continues to be present 
during the remainder of the disease if early and adequate treatment 


is not given. [his is in contrast to the spontaneous decline in the Wasser- 
mann-type reagin which may occur in some untreated cases. On the 
other hand, if adequate penicillin treatment is given in early syphilis, 
the level of immobilizing antibody will decline significantly over a 


period of months. In cases of latent or late syphilis, however, no such 
decline in immobilizing anubody can ordinarily be expected no matter 
how much antiluetic treatment is given. As already mentioned, no 
positive treponemal immobilization reactions have been obtained with 
sera from normal individuals or from patients with diseases other than 
syphilis—with the exception of yaws and pinta. 


Srupies oN THE Lire Cycie or Treponema 


One of the more significant advances in the field of microbiology 
during the past few years has been the development of techniques 
which have permitted a better understanding of the life cycle of ‘Tre- 
ponema pallidum. DeLamater and his associates,’ using specially stained 
preparations as well as the phase contrast microscope, have made a 
series of interesting and important observations on the occurrence of 
a complex lite cycle in pathogenic forms of this microorganism. 

hese investigators have shown that the pathogenic TI. pallidum, as 
it exists in the syphilitic rabbit testis, has two means of vegetative repro- 
duction. One (and probably the most important) is by simple trans- 
verse division; the other is by the production of buds or gemmae. In 
transverse division, a spirochete about to divide, bends rapidly at one 
point, forming a sharp angle on itself. Then it lashes back and forth 
until a break occurs in the continuity of its cell body. After a short 
rest period the two parts begin to rotate in opposite directions and twist 
themselves apart. The production of buds may occur at any point 
along the spirochetal body and the buds may be single or multiple. 
In this type of reproduction the buds separate from the parent spiro- 
chete, remain free, and then form unispirochetal cysts. In each of these 
cysts a single spirochete develops, differentiates and finally emerges. 

In addition, these investigators have also found that a more complex 
life cycle may occur in the pathogenic Treponema pallidum. In this, 
actively motile spirochetes come together in pairs or complex clusters 
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and appear to fuse. Then large multispirochetal cysts are formed, and 
in these, numerous organisms begin to develop. Later on the spirochetes 
emerge from the large cysts and go on to reproduce vegetatively by 
undergoing the type of transverse division and bud formation already 
described. Observations of this type, made by phase contrast micro- 
scopy, have now been confirmed by stained material. The results 
strongly suggest that in addition to vegetative reproduction by trans- 
verse division and by the production of buds, a complex lite cycle 
occurs in pathogenic forms of ‘Treponema pallidum. 


PeNicILLIN TREATMENT OF SyPHILIS 


Since the advent of penicillin, the treatment of syphilis, in all its 
stages, has become a relatively simple procedure. The accumulated data 
obtained from thousands of syphilitic patients of all types have now 
clearly established the superiority of treatment with penicillin alone in 
virtually all cases. Only rarely will supplemental measures such as heavy 
metal or fever therapy be necessary. 

Phe introduction of the slowly absorbed crystalline procaine peni- 
cillin G in oil with 2 per cent aluminum monostearate has made it even 
easier to adopt a variety of schedules for the treatment of all types of 
the disease on an ambulatory basis. | believe that the most satisfactory 
and the most convenient form of treatment for all types of syphilis 
at the present time ts that employing a slowly absorbed penicillin, intra- 
muscularly, twice weekly until the desired total dosage has been 
reached. Moreover, there is an added advantage in using slowly ab- 
sorbed penicillin over longer periods of time since we now know that, 
within limits, the longer the period taken to administer a given total 
dosage of penicillin, the more effective the therapy is. The reason for 
this is that Treponema pallidum, although it is susceptible to relatively 
low concentrations of penicillin, has a much longer killing tme than 
most other organisms—indicating the necessity for maintaining ade- 
quate levels of penicillin in the tissues for a sufficient period of time. 

\ total dose of 4.8 to six million units for early syphilis and six to 


nine million units for latent and late benign syphilis will probably be 


sufficient and will certainly be as effective as any combination of heavy 
metal therapy used in the past. 

For cardiovascular syphilis and all types of neurosyphilis the same 
type of penicillin, given twice weekly, to a total dosage of 12 to 18 
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million units is probably the treatment of choice. If necessary, repeated 
courses of treatment may be given after six months or so. In cardiovas- 
cular syphilis, many clinicians have discarded preparation with heavy 
metals before starting penicillin therapy and, in fact, start treatment on 
full doses of penicillin. Herxheimer reactions have not been common 
in cardiovascular syphilis treated with penicillin. Moreover, if such 
a reaction is to occur it will probably do so as readily when treatment 
is begun with small doses of penicillin as when full doses are used 
initially. In neurosyphilis, fever therapy is sull used and may very well 
be advisable if the results from penicillin alone, either clinical or sero- 
logic, are unsatisfactory. 

Penicillin, 600,000 units twice weekly for five weeks, given to the 
pregnant woman at the end of the first trimester will prevent congenital 
syphilis. If labor ts imminent the penicillin may be given in daily doses. 
ven if it appears to be too late to prevent infection of the fetus, peni- 
cillin treatment may be very effective in “curing” such an infection 
in utero, Pregnant women who have already received adequate peni- 
cillin treatment for syphilis in the past need not be re-treated during 
subsequent pregnancies if the serologic tests have become negative or 
remain at a fixed low tter. In such cases, however, if there is any doubt 
whatsoever, it is safer to re-treat. 

In early congenital cases, 20,000 units of slowly absorbed penicillin 
per pound of body weight twice weekly for four to five weeks is 
effective. In older children 600,000 units twice weekly for five weeks 
is usually recommended. 

Reactions to penicillin-aluminum monostearate are less numerous 
than were the reactions to the older penicillin preparations. The fact 
that a patient develops urticaria or other manifestations of penicillin 
sensitivity during therapy does not mean that the sensitivity is perma- 
nent. Indeed, the evidence is that penicillin sensitivity is often rather 
transitory and many of these cases will tolerate penicillin within a 
few weeks after the reaction has subsided. If not, then penicillin “O" 
or even other antibiotics such as Aureomycin, 3 to 4 grams daily for 
two to three weeks, may be tried. 


TREATMENT OF THE SO-CALLED Minor Venereat Diseases 


While I am on the subject of venereal disease, it may be worthwhile 
to mention briefly the use of the newer antibiotics in the treatment of 
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the so-called minor venereal infections—lymphogranuloma venereum, 
granuloma inguinale and chancroid. 

Granuloma inguinale may be treated with streptomycin two grams 
daily for three weeks or with Aureomycin, Terramycin or chloramphen- 
icol two to three grams daily for three weeks. I still believe that strep- 
tomycin is perhaps the most effective agent in this disease although one 
sometimes encounters cases which are resistant to this drug and ulti- 
mately respond better to one of the other agents. Recently dihydro- 
streptomycin has been used with good results but | am not in favor 
of its use for any prolonged period of time because of the toxicity it 
has shown for the hearing apparatus. Streptomycin may cause disturb- 
ing vestibular damage but this is something that the patient can com- 
pensate for. The sudden deafness sometimes encountered after pro- 
longed dihydro-streptomycin treatment is apt to be permanent and this 
is something that one cannot compensate for. 

Lymphogranuloma venereum in its early stages—with local ulcer 
formation and buboes—does not respond very well to any of the ant- 
biotics. At this stage of the disease, sulfadiazine, four grams daily for 
about three weeks, is probably the best treatment available. In the later 
manifestations, that is, cases with proctitis or draining sinuses, etc. 
Aureomycin is probably the treatment of choice. A dose of 2 grams 
daily must sometimes be continued for four to eight weeks before an 
effect is obtained. Although nothing much is said about it in the litera- 
ture there is really nothing to prevent combined therapy with Aureo- 
mycin and sulfadiazine. 

For the treatment of chancroid, streptomycin, Aureomycin and 
chloramphenicol are all effective when given in doses of two grams 
daily for seven to ten days. Sulfadiazine 1s also very effective and 
actually is still about as good a method of treatment as any. 


Tue L. Puenomenon in Systemic Lupus 


ERYTHEMATOSUS 
A laboratory test which has proved to be a valuable and accurate 
aid in the diagnosis of systemic lupus erythematosus is now available. 
This test is particularly useful when the absence of a typical skin erup- 
tion makes the diagnosis otherwise difficult. 
In 1948 Hargraves and his associates* noted the presence of peculiar 
cells in the bone marrow of patients with active systemic lupus. They 
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called these “L.E.” cells and showed that their occurrence was the result 
of a clumping of mature polymorphonuclear leukocytes which then 
engulfed amorphous, homogeneously-staining, basophilic material to give 
them a characteristic appearance. Later on it was shown that these cells 
may also be found in the buffy coat of the peripheral blood from 
patients with systemic lupus erythematosus. 

It then became apparent that the factor responsible for the agglu- 
tination of the polymorphonuclear leukocytes and formation of the 
L.E. cells in the blood and bone marrow is contained in the gamma 
globulin fraction of the plasma in systemic lupus. When mixed with 
normal bone marrow, or even normal buffy coat preparations, the 
plasma or serum of patients with systemic lupus will induce the for- 
mation of rosettes of leukocytes and characteristic inclusion-containing 
Lb. cells. This finding has become the basis for the technique now 
widely used for demonstrating the presence of the L.F. factor in the 
blood of patients suspected of having systemic lupus. One merely 
mixes the suspected plasma or serum with normal heparinized marrow 
or whole blood and, after waiting thirty minutes, spins the mixture 
in the centrifuge and prepares Wright's stained smears of the buffy 
coat. If the suspected plasma or serum contains the LF. factor, rosettes 
of clumped leukocytes and L.F. cells will be seen. As a matter of fact, 
the clumping of leukocytes to form rosettes is sufficient for the diagnosis 
and one does not have to find the typical L.E. cell itself. 

‘Thus far this phenomenon has been observed only during the active 
phases of systemic lupus. The patient need not be acutely il, however, 
to show a positive plasma L.E. test. It disappears during remissions and 
is not found in such conditions as chronic discoid lupus erythematosus, 
multiple myeloma, rheumatoid arthritis, scleroderma, dermatomyositis 
or periarteritis nodosa. The test has become a valuable diagnostic aid in 
systemic lupus and has shown how protean and atypical this disease may 
be. For example, cases of atypical rheumatism or arthritis, some of them 
with a past history of epilepsy or positive serologic tests for Ss) philis, 


have been shown to be, in reality, cases of systemic lupus erythematosus. 
Compounps iN SepumM ANbD Hater Loss 


Recent experimental work has shown that certain naturally oc- 
curring compounds having unsaturated double bond carbon atom link- 
ages are able to inactivate or interfere with the metabolism of the free 


“ 


145 BULLETIN 


sulfhydryl groups of glutathione and human epidermis.” When such 
unsaturated compounds are applied to the skin of experimental animals 
they cause a localized type of hair loss, presumably by interfering with 
the function of sulfhydryl compounds which are necessary for normal 
keratimization and hair growth. After such applications, the sheath cells 
of the hair follicles undergo degeneration and hair loss results without 
any accompanying signs of inflammation. 

Three naturally-occurring compounds which have unsaturated 

C C-~ groupings and which regularly exhibit this depilatory action 
squalene, oleic acid, and linoleic acid—are normal components of human 
sebum, All three of these substances can inactivate sulfhydryl com- 
pounds and can cause hair loss in animals. The implications are that 
these normal constituents of sebum may be factors in the production 
of some types of human baldness—but so far there is no experimental 
evidence in humans to support this. 

\ctually when human sebum (obtained by extracting the hair of 
children and adult males with ether) is applied to the skin of rabbits, 
hair loss occurs. This sebum will inactivate sulfhydryl compounds in 
vitro and the general theory now advanced is that the unsaturated com- 
pounds found in sebum may play an important role in disturbances of 
hair growth and keratinization. It is the first instance in which a sub- 
stance excreted onto the normal skin has been shown to influence the 
growth of hair and it may be that this finding offers a chemical clue 
to the etiology of human baldness. In any event, it suggests that sebum 
can no longer be considered merely as an inert lubricating agent but 
that it must be regarded as a chemically active substance which influ- 
ences the process of hair growth and keratinization. 

These, then, are some of the advances that have been made in 


dermatology during the past few years. There are several additional 


developments which deserve discussion but which have been omitted 
because of limitations of time. These include the basic experimental 
studies which have done so much to explain the phenomenon of poral 
closure and the sweat retention syndrome—and which have shown the 
importance of these mechanisms in anhidrosis, miliaria and even pustular 
eruptions of the skin. The newer knowledge of tyrosinase activity in 
human skin and the role it plays in melanin formation; recently de- 
veloped histochemical methods and their applications to dermatologic 
problems; the use of some of the newer antibiotics, particularly neomy- 
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cin, bacitracin and polymyxin B in infectious dermatoses—these are 
some of the other topics which certainly would merit full discussion 
if time permitted. 
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LOCAL ELECTROCORTICAL RESPONSES 
INDUCED BY TOPICAL APPLICATION 
OF ACETYLCHOLINE CHLORIDE TO 
HUMAN CEREBRAL CORTEX* 


Josepn G. Cuusip and C. G. pe Gurierrez-MaAnonry 


The Neurological Division, St. Vineent’s Hospital, New Yor 


QseseseseseseDrupies dealing with the clectrocortical effects following 

topical application of acetylcholine chloride solutions to 

S the cerebral cortex of animals have been reported previ- 

a ously.'® The present investigation was undertaken in an 

Gesesesesesesa attempt to determine for man the patterns of cerebral 

electrocortical response to acetylcholine chloride solutions similarly 
tested in a group of patients undergoing cerebral operations. 

Method: Acetylcholine chloride solutions were freshly prepared 
at the time of operation in concentrations of 1o per cent or 20 per cent 
in physiological saline. Small cotton pledgets (1.5 mm. squares) were 
saturated with test solution and applied to exposed cerebral cortex for 
varying periods of time. In most instances, electrocorticograms were 
made with the pledgets in situ and with the aid of Marshall cortical 
electrodes and a Type III Grass six channel electroencephalograph 
machine, Cortex to cortex tracings were commonly employed with an 
interelectrode distance ranging from 0.8 to 5 centimeters. Some tracings 
were also made following the brief application to the cerebral cortex 
of small filter paper squares soaked in freshly prepared 2 per cent 
strychnine sulfate solution. All patients receiv ed Demerol,® morphine 
sulfate and atropine sulfate or scopolamine 11, to 3 hours preoperatively 
and operation was usually performed under general anesthesia (nitrous 
oxide, pentothal-nitrous oxide, avertin-nitrous oxide). 

Results: In six of the twelve patients tested, a profound change in 
the local electrocorticogram occurred after the topical application of 
10 per cent or 20 per cent acetylcholine chloride solutions (Table 1). 
In the twenty-nine tests made, a severe change in the electrocorticogram 
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Ficure l— Serial elect rocorticograms showing the local effects after application of 2006; 
acetylcholine chloride for twelve minutes to a right frontal cortical area (Case 11). 
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Local Electrocortical Responses 
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Ficure 2— Serial electrocorticograms showing the local response of a strychninized right 
frontal cortical area after 10% acetylcholine chloride was applied for one minute 
(Case 1). 


occurred in five of the nine times that the 1o per cent concentration 
was used and in three of the twenty times that the 20 per cent solution 
was employed. 

There was usually a period of latency of six to eight minutes before 
significant electrocortical changes could be detected (Fig. 1). The first 
change noted was the presence of single negative waves of gradually 
increasing amplitude with a maximum of approximately 600 microvolts, 
and a frequency of one to two per second and a duration of 0.2 to 0.3 
seconds. In the next phase of response, there occurred groups, clusters 
or spindles of increasing duration, in which high amplitude waves with 
a 5 to 8 per second frequency were dominant. With the 20 per cent 
acetylcholine chloride solution, the frequency within the spindles or 
groups was apt to center about 10 per second. The clusters, groups or 
spindles occurred in association with and immediately after the high 
amplitude single negative wave initially noted. In the ensuing phase, the 
initial high amplitude wave components were sometimes modified by the 


presence of an abrupt positive deflection so as to give the appearance 


of diphasic or triphasic spikes. Following the maximum response, the 
bursts of spindles, clusters or groups became less prominent, decreasing 
gradually in duration and amplitude. ‘Thereafter the initial high ampli- 
tude negative waves and the spikes disappeared. 

When a pledget of 10 per cent acetylcholine chloride solution was 
applied for one minute to a previously strychninized cortical area, a 
pronounced effect was noted (Fig. 2). Spikes immediately became very 
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Ficure 3 Serial electrocorticograms showing a decreased latency time and bursts of high 
amplitude 5 per second negative spikes following application of 106% acetylcholine chlor 
ide for twelve minutes to a previously responsive area (Case 2) 


frequent and prominent and about one and a half minutes later high 
amplitude spindle bursts of 8 to 10 per second waves occurred imme- 
diately following the initial high amplitude negative spikes. This response 
reached its maximum three minutes after the acetylcholine chloride was 
applied and rapidly subsided thereafter in the ensuing one-half minute, 
the spindle bursts disappearing first. When a previously responsive corti- 
cal site was retested soon after the site had returned to its pre-test pat- 
tern, a greatly diminished latency in the onset of the new response some- 
times occurred (Fig. 3). 

Significant changes in the status of the patient and the cerebral cortex 
during and after the tests that could be attributed to the acetylcholine 
chloride were not noted. 

Discussion: Vhese findings indicate that significant alterations in the 
local electrocorticogram may occur several minutes after the topical 
application of 10 per cent or 20 per cent acetylcholine chloride solu- 
tions to human cerebral cortex. Although our series is small, there is a 
suggestion that the 10 per cent concentration may produce detectable 
changes more often than the 20 per cent concentration. Jordan, Badal 
and March® indicated that they obtained an “excitatory response” in 58 
per cent of fifty-three applications of 10 per cent acetylcholine chloride 
in saline applied to the cat’s cerebral cortex; our results with the use of 
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Ficure 4—-Representative electrocortical patterns following local application of 1% 
eserine and 0.5% acetylcholine to the cortex of the cat. A. Intact cortex; B, Thalamec- 
tomized hemisphere; C. Undercut cortex; 4. Isolated cortex. (Kristiansen, K. and Cour- 
tois, G. Electroencephalog. Clin, Neurophysiol. 1:265-71, 1949. Reproduced by permission.) 


the 10 per cent solution (55 per cent) are in the same range. Llowever, 
our overall results from use of both the 10 per cent and 20 per cent 


concentration are considerably lower (28 per cent). 


We have not noted pronounced diminution of amplitude in the elec- 


trocorticogram in the period immediately after the test applications of 


acetylcholine chloride solutions. This is in contrast to some reports of 
the results ia cats. Forster, Borkowski and McCarter‘ stated that in the 


cat, depression of electrical activity occurred locally within ten to 


forty seconds and then spread over the cortex in linear fashion, even in 


cases where no acetylcholine discharges occurred. This type of spread- 


ing depression encountered in the cat appears similar to that described 


by Leao’® in the rabbit. Since Marshall and his workers'™'™ have indi- 


cated that factors such as dehydration and cooling are of extreme 


importance in the production of some spreading depressions, the absence 


of this finding in tracings made upon humans may be related to the 


vigorous efforts made to maintain appropriate hydration, temperature, 


electrolyte balance, etc. during surgical procedures in man. A species 


difference in reaction, possibly related to the comparatively higher 
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degree of cortical fissuration and the greater durability and complexity 
of the leptomeninges in man, may also be significant in this respect. 

The maximum responses noted after the topical application of 10 
per cent or 20 per cent acetylcholine chloride to human cerebral cortex 
resembled those described for animals after similar treatment with 10 
per cent acetylcholine chloride or with eserine and 0.5 per cent concen- 
tration of acetylcholine chloride (Fig. 4). Facilitation of the acetyl- 
choline chloride effect in man by previous strychninization is inferred 
from the prompt and pronounced response incurred under such circum- 
stances. Forster and MeCarter® noted that in cats strychninization of 
cortex followed by the application of acetylcholine chloride resulted in 
propagation of acetylcholine discharges to the area fired by strychnine, 
whereas ordinarily, acetylcholine discharges remained sharply localized 
to the region of application of the drug. 

Since the average adult doses of atropine sulfate or scopolamine were 
routinely employed preoperatively, one would expect an adverse effect 
upon the response to a cholinergic substance such as acetylcholine 
chloride. However, it was felt that in most cases, the test period occurred 
after the presumed period of effectiveness of the preoperative medica- 
tion. A distinct relationship of the response to the type and depth of 
anesthesia was not clearly demonstrated, and similar responses were 
noted under nitrous oxide, pentothal-nitrous oxide, avertin-nitrous oxide, 
and local anesthesia. 

Significant cerebral pathological conditions were present in all cases, 
frequently in the area adjacent to the testing. In one instance (Case 8), 
however, a pronounced typical response occurred after the application 
of 20 per cent acetylcholine chloride solution to the cortex of a pre- 
sumably intact cerebral hemisphere in a patient whose status was com- 
patible with the clinical impression of a middle cerebral thrombosis of 
the opposite cerebral hemisphere. Altered leptomeningeal permeability 
was suggested as a factor especially in cases where gross physical changes 
in the pia were obvious, 

A certain degree of control of the electrocortical response was possi- 
ble by removal of the pledget from the cortex. Since we wished to 
avoid precipitation of frank motor convulsive phenomena, pledgets 
were always removed as soon as a relatively pronounced effect on the 
electrocorticogram was noted. Thereafter, the electrocortical response 
would begin to diminish in intensity and gradually disappear. An even 
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more pronounced electrocortical effect than any we have thus far 
encountered seems to be a definite pre bability in responsive cases through 
the use of more prolonged applications of the test substances. On some 
non-responsive occasions, however, the time or period of application 


appeared to be of minor Importance; in One case 20 per cent acetylcho- 


line chloride was applied continuously for sixty-three minutes without 
significant local electrocortical effect. The fact that some sites within 
a relatively small cortical area responded well and others did not, sug- 
gests the possibility of specific areal differences in the reaction to acetyl- 
choline chloride. Since most of our test sites were within the frontal 
lobe, and because precise orientation was ner alw ays possible, an adequate 
basis for determining the presence or absence of a topographic pattern 
has not yet been attained. 


SUMMARY 


1. Pronounced local changes in the human cerebral electrocortico- 
gram could be induced by the topical application of acetylcholine 
chloride in 10 per cent or 20 per cent solutions. 

2. In responsive cases, after a period of six to eight minutes, recur- 
rent single, high amplitude one to two per second waves appeared. 

3. Thereafter, recurrent spindles, groups or clusters of high amphi- 
tude 5 to 10 per second waves occurred in bursts immediately following 
the recurrent single high amplitude waves. 

4. High amplitude diphasic and triphasic spike discharges were noted 
in the ensuing phase. 

5. Recovery from the maximal response was characterized by the 
early diminution in duration and amplitude of the spindles, groups or 
clusters and was followed by the ultimate disappearance of the initial 
high amplitude negative waves and spikes. 

6. Local early pronounced depression of electrical activity soon 
after the application of acetylcholine chloride solution was not noted. 

7. Pretreatment of a cerebral cortical site with 2 per cent strychnine 
sulfate facilitated the response to 10 per cent acetylcholine chloride 
solution. 

8. The influence of factors such as preoperative medication, an- 
esthesia, cerebral pathological changes, leptomeningeal permeability, drug 
concentration, duration of application and site of application are con- 


sidered. 
(SEE REFERENCES ON FOLLOWING PAGE) 
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AUDITORY THEORY: AN EXPERIMENTAL 
STUDY OF THE PLACE PRINCIPLE* 


Ernest GLen Wever, Ph.D. and Merce Lawrence, Ph.D. 


Princeton Universiity 


GeeseseseseseMHROUGHOUT the history of auditory theory the focus of 

sie attention has always been the place principle. This is the 

l principle that every tone has its own place of action in 

the cochlea; and any tones that are distinguishable in 

esesesesesese pitch have different places of action. We are most famil- 

iar with this principle in its use in the Helmholtz resonance theory, 

where the determination of the specific place of action is made through 
a process of mechanical resonance. 

A serious question is whether the place principle is adequate by itself 
to meet the requirements of pitch discrimination and of other phe- 
nomena of pitch perception. This question has been discussed elsewhere 
and the advantage is shown in combining this principle with the fre- 
quency principle for a general theory of hearing. However, this is not 
the question with which we are concerned at the present time. Granting 
the validity of the place principle in some measure, we are now con- 
cerned with the question of the form that this principle should take. 

This question was raised early in the history of this subject as a 
result of dissatisfaction with resonance as the physical basis of the place 
principle. The dissatisfaction comes from a consideration of the limita- 
tions of resonance itself, and especially the manner of operation of 
resonance in the presence of damping. The damping of a resonator ex- 


tends its effective range of response to many frequencies and thereby 


impairs its ability to respond selectively to any one frequency. Thus a 
resonance theory that admits heavy damping is in difficulty in account- 
ing for our keen abilities of pitch discrimination. On the other hand, a 
resonator that is only lightly damped, like a tuning fork in air, will 
require an appreciable period of time to reach its maximum of vibration 
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in response to some impressed tone and will likewise require time to 
die down to zero after this impressed tone is removed, A resonance 
theory that admits such light damping is in difficulty in accounting for 


our ability in distinguishing tones that follow one another quickly in 


time, as they do in speech and rapid passages of music. Thus we have 
a dilemma in which pitch discrimination calls for light damping and the 
differentiation of successive sounds calls for heavy damping; and the 
demands are such that no intermediate compromise of characteristics 
will satisfy them. Here is a very serious difficulty for a resonance theory. 

A consideration of this difficulty has led to the search for a form 
of physical action other than resonance on which to base the place 
principle. Such a new basis has been found in the conception of travel- 
ing waves. 

The term “traveling waves” is used here in a particular sense. All 
sound waves travel through media of all kinds; but we are concerned 
with this travel under rather special conditions, those provided by a 
flexible solid or semi-solid like a membrane immersed in a fluid. A fairly 
good analogy is provided by the waves produced in a rope whose one 
end ts held in the hand and given a quick flip. A wave starts at the hand 
and moves progressively along the rope. If the rope is laid loosely along 
the ground the movement is slow and the wave quickly dies away to 
zero. If the rope is anchored at its farther end and stretched out the 
movement is more rapid and the wave proceeds a greater distance before 
it disappears. Thus the particular conditions in and about the rope deter- 
mine the nature of the traveling wave. Now for the rope let us substi- 
tute the basilar membrane of the cochlea and for the hand to set it in 
motion let us substitute the stapes acting by way of the cochlear fluid. 
The stapes moves inward, pushes upon the adjacent fluid, and causes a 
displacement of the most basal portion of the basilar membrane. This 
displacement then proceeds as a wave toward the apex of the cochlea. 
An outward movement of the stapes initiates another displacement, con- 
trary in direction to the first, and this wave likewise moves up the 
cochlea. So a succession of stapedial oscillations causes a series of waves 
to travel along the cochlea. 

There are many particular theories regarding these waves and the 
particular patterns of motion that they display. The theories differ in 
detail according to the assumptions made as to the determining condi- 
tions: the influence upon the motion accorded to the mass, stiffness, and 


Auditory Theory 161 


damping characteristics of the basilar membrane and the surrounding 
fluid. The theories differ also as to what features of the response pattern 
are important in bringing about the final stimulation of nerve endings. 
We are not concerned with these individual details at this time but only 
with the general conception. We are content at present to contemplate 
certain features that are common to all formulations of the traveling 
wave theories, as follows: 

1. The wave proceeds up the cochlea, changing in amplitude as it 
goes. Typically, the amplitude is said to rise for a time, to attain a 
maximum, and then to fall rapidly to zero. 

2. Tones of different frequencies cause waves that rise at different 
rates and attain their maximums at different places before falling to zero. 
High tones rise rapidly, attain their maximums in the basal region of 
the cochlea, and expire there. Low tones proceed farther up the cochlea. 
All tones thus have their effects distributed over the cochlea in a manner 
that varies systematically with frequency. The requirements of the 
place principle are thereby satisfied. 

3. The wave progresses along the cochlea at a relatively slow rate. 
This low speed of propagation is essential to certain forms of traveling 
wave theories where two or more waves must exist simultaneously in 
the cochlea. It is not theoretically demanded by others, yet even in 
these the particular assumptions made in their development lead to this 
result. The speeds assumed vary greatly from 5 cm. per sec. to 415 
meters per sec. with a mean figure around 30 meters per sec. These 
values are small with respect to the speed of sound in a free body of 
water; the speed as calculated for sea water at body temperature 1s 1563 
meters per sec. 

We have carried out a series of experiments to test these basic 
assumptions of the traveling wave theory. The experiments were carried 
out on anesthetized cats by use of the electrical potentials of the cochlea. 
These potentials, as is well known, represent the activities of the inner 
ear, and more specifically, according to abundant evidence, the activities 
of the hair cells of the organ of Corti. With certain exceptions, to be 
noted presently, the potentials were recorded in the usual manner with 
an electrode on the round window membrane. 

We stimulated these ears in two ways. One means of stimulation 
was the ordinary one, with an aerial sound introduced by a tube into 


the external auditory meatus and thus reaching the cochlea by way of 
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the ossicular chain and the oval window. The other means of stimula- 
tion was by way of a small hole drilled through the cochlear wall in the 
apical region. Sound was introduced into this hole by one of two meth- 
ods, either as aerial sound through a small tube fitted over the hole or, 
more often, as mechanical vibrations of a needle inserted into the hole. 
The needle was made to fit the hole like a piston in a cylinder and 
exerted alternating pressures upon the cochlear contents when driven 
by a crystal vibrator. These two variations of the apical stimulation 
gave identical results and will not be distinguished hereafter. 

In the two forms of stimulation, that by the usual oval window route 
and that by way of a hole in the apex of the cochlea, we used the same 
tonal frequency from a single oscillator. A divider network delivered 
the oscillator output to two control channels in which the tones were 
independently varied in intensity. Provision was made also for com- 
plete control of the phase relation between the two stimulating channels 
over a range of o to 360°. The range of frequencies was from too to 
15,000 cycles per sec. 

The experimental procedure consisted of stimulating at the two 
ends of the cochlea simultaneously and observing the resulting cochlear 
potentials. The results of such stimulation can be stated very simply: 
the potentials at all times represent a vector sum of the potentials ob- 
tained from the two stimuli acting separately. 

The following simplified form of the procedure is a little easier to 
follow and was found advantageous for further exploration and for a 
long series of control tests. One stimulus was applied by itself and the 
intensity was adjusted so as to obtain some standard amount of response, 
say 10 microvolts, and then this stimulus was removed and the other 
applied separately and adjusted for the same amount of response. The 
two stimuli were then turned on together and the phase relation of the 
two varied continuously over a range of 360°. It was found that at a 
certain phase relation, which is not known absolutely and is of no 
particular interest at present, the two stimuli combine their effects to 
produce a response just double that of either acting alone. As the phase 
is altered from this relation the response falls continuously in magnitude 
until at a point 180° from this relation it becomes zero. This type of 
summation has been found for all tones of the audible range. 

It is possible to show that this summation takes place in the fluid 
pathways of the cochlea by which the sounds reach the sensory cells or 
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in the sensory cells themselves and not in the conductive paths by which 
the potentials reach the electrodes. The evidence is that after condi- 
tions have been established for a certain summation of response with 
the electrode in one position the electrode may be moved to a new 
position without significantly altering the form of the summation. For 
this rest a needle electrode was used. It was first placed on the basal end 
of the cochlea, the usual adjustments were made in intensity and phase 
for a cancellation of response, and then the electrode was moved to a 
new position. For all the low and intermediate tones, no new adjust- 
ments were necessary to maintain the cancellation. For the high tones, 
those above about 5000 cycles, some readjustments were required, but 
even at 10,000 cycles the phase changes were small in relation to a wave 
period. These readjustments were necessary for the high tones because 
the speed of conduction through the cochlea is not infinitely great; this 
conduction takes time, and even though the time is very short it be- 
comes measurable in relation to the wave period of high tones. 

These observations signify that the two stimuli reach the same sen- 
sory cells, reach them practically simultaneously, and affect them to 
the same degree. 

It is necessary to conclude that every sound, whether applied at the 
base of the cochlea or at the apex, spreads over the whole cochlea at 
high speed and without appreciable attenuation, This is true of all fre- 
quencies alike. Thus the basic assumptions of the traveling wave the- 
ories are not supported, The speed of conduction through the cochlea 
is probably of the order of the transmission of sound through open 
water. 

The fact, as indicated here, that any given sound wave reaches every 
part of the cochlea practically simultaneously does not demand that the 
movement of all parts of the basilar membrane shall likewise be simul- 
taneous. These parts will move with time constants that are determined 
by their local characteristics. 

The evidence of this experiment is not merely negative. In its denial 
of the traveling wave concept the evidence points directly to a local 
action type of theory. We must look to local conditions in the cochlea 
for the anatomical basis of the place principle and for whatever speci- 
ficity of behavior the cochlea exhibits. 
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A General Theory of Bone Tumors 


Lenr C. Jounson 


Armed Forces Institute of 


NI though pathologists attempt to classify 


tumors into readily separable groups on the 


basis of morphology and behavior, many tu 


tors doe not completely conform their 


classification. ‘To classify bone tumors with 


descriptive fidelity would frequently neces 
of 


the traits of 


sitate multi-hyphenated terms because 


tumors which exhibit 
several catewories 


think 


is falling 


In clinical practice it is 


convenient to of the major bone tu 


mors into ten basic types, ind to 
label individual specimens, according to the 


of cell 


that one of the following terms which gives 


concept “predominant type,” with 
the best approximation 
Chondrosarcoma 
“Chondroblastoma”™ (Codman's tumor) 
Osteosarcoma 
“Osteoblastoma”™ (parosteal osteoma) 
(juxtacortical sarcoma) 
Giant cell tumor (osteoclastoma) 
“Osteolytic 


(pleomorphi« 


sarco na” 
Sarcoma ) 
Fibrosarcoma 
cell 


tumor 


(medullary ) 
Reticulum sarcoma 
Multiple myeloma 


Underlying these approximations is a 


range of cell types and organoid patterns 
common to all of the categories. Further- 


more, they all share in a common biochem 
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of 


and they conform to regional variations in 


istry and cytology matrix formation, 


the structure of normal bones and of the 
skeleton. And when the tumors are an 
alyzed with respect to space, time, and 


quantity where, when, and how often they 


vecur—it would appear that they behave in 
an orderly and predictable manner 
|. Histology of the 


these ten types is a distinct clinical, radio 


Tumors of 
logic, and anatomic complex named for a 


cell 
that is usually recognized by its products; 


characteristic and predominant type 


eg., osteosarcoma and chondrosarcoma are 


so named because they produce bone and 


cartilage respectively, The chondroblastoma 


of Jaffe (Codman’s “epiphyseal chondro 
matous giant cell tumor”) is a_ relatively 
mature tumor made up of cells that ap 
proach the appearance and behavior of 


normal chondroblasts “Osteoblastoma”™ 
would be the homologous term for the tumor 
of osteoblasts called “parosteal osteoma” by 
Geschickter and Copeland 
Both 


are slow growing and sufficiently mature in 


(Jaffe’s “juxta 
cortical osteosarcoma”). “blastomas” 
appearance to be mistaken at times for non 
neoplastic hyperplasias or reparative pat 
terns. 

cell 


tumor is named shows the same phosphatase 


The large cell for which the giant 
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activity as the osteoclast, is likewise free 
of phagocytic activity, and may metastasize 
to the this 
tumor, Hence, the giant cells are regarded 
And 
Sitional forms between the giant cells and 
the 
ble, the latter 
predecessors of the multinucleated forms 


“Osteoly tic 


lung in malignant forms of 


as neoplastic osteoclasts because tran 


so-called “stroma cells” are demonstra 
ire regarded as mononuclear 


is the term used to 
that 


bone and is made up of extremely pleomor 


sa reoma” 


designate a primary tumor destroys 
phic cells that generally fail to produce any 
matrix, Whole bone sections of these tumors 
the 


acteristic cell types merging into areas typi 


have on several occasions shown char 


cal of malignant and even of benign giant 


ceil tumor; therefore we regard it as an 
extremely malignant derivative of the giant 
cell tumor. 

\ll of the tibrosarcomas in our material 


are medullary in origin; those thought to 
be periosteal fibrosarcomas generally proved 
to be primary in the soft tissue adjacent 
to, but not part of, the bone 

When some 1500 tumors in the Registry 
were classified 


of Orthopedic Pathology 


and analyzed, a very wide range of cell 
types was noted in each category. For ex 
ample, within the group of typical chondro 
sarcomas individual fields were morphologic 
ally 
Codman’s tumor, parosteal sarcoma, giant 
cell 
coma, reticulum cell sarcoma, Ewing tumor, 


indistinguishable from osteosarcoma, 


tumor, osteolytic sarcoma, fibrosar 


ind even myeloma. A similar range of cell 
types may be found in every class of tumor: 
the cells” of 
cell sarcomatous 


formation 


mononuclear “stroma giant 


undergoing trans 
are quite likely to lay down a 


tumors 


chondroid matrix; in reticulum sarco 


mas, collagen, fibrocartilage, and osteoid 


material may form in condensations of the 


abundant reticulum. 


While the Ewing tumor is usually thought 
of as monotonous sheets of closely packed, 


generally round nuclei, with scarcely any 


visible cytoplasm, Ewing himself illustrated 


cells with considerable water-clear cyto 


plasm. When these suggestions of cytoplas 


mic activity were investigated, we found 


them to result in extracellular mucoid ma- 


which occasionally developed into 


terial 


patches of typical cartilage or into slender 


spicules of chondro-osteoid material, bire 
fringent in polarized light and occasionally 
calcified 

addition to 


Likewise, myeloma cells, in 


amyloid, Bence-Jones protein, and a lipo 
protein associated with anticomplementary 
Wassermann reactions, were found to pro- 
duce an abundance of reticulum, patches of 
mucoid material, and occasional optically 
active chondro-osteoid bands that sometimes 
the of 


myeloma cells and their reaction to methyl 


calcify. Furthermore, appearance 
green pyronine are as closely duplicated by 
the normal osteoblasts of undecalcified em 
bryonic bone as they are by non-neoplastic 
plasma cells. 


the 


reticulum cell sarcomas, Ewing tumors, and 


Therefore, at least some of OSSeOUS 
produce matrices 
of skeletal 
seem to 


the 


multiple myelomas can 


which are characteristic tissue, 


and such behavier would indicate 


that 
plasms 


2. Biochemical 


they belong among skeletal neo 


and Cytological Back 
The interpretation of these obser 


the 


ground 


vations is known 


dependent upon 
chemical properties of normal bone tmatrix, 
Phe organic component of beth bone and 
cartilage is made up of a fiber protein of 
the 


glycoprotein of the mucopolysaccharide se 


reticulum-collagen series and a mueoid 


ries, with the fiber protein predominant in 
bone and the glycoprotein predominant in 
cartilage Phe fiber protein has a special 
configuration of particular amino acids and 
a characteristic pattern on electron micro- 
The 


copolysaceharide consists of long chains of 


scopy and on x-ray diffraction mu 


evelical hexose derivatives, with sulfate and 


amino side radicals. The fiber protein and 


the polysaccharide can combine stoicheio 
of 


and strategically placed active side radicals 


metrically because similar periodicity 
to produce a single new substance, osteoid, 
which is able to caleify after molecular re- 
arrangement and loss of water 

The collagen and polysaccharide are the 
of of 


Collagen is synthesized 


products osteoblasts and chondro- 


blasts probably 
from polypeptides and amino acids in a 
protein-rich fluid the interface 


activity of the cell “membrane,” and is thus 


tissue by 
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an extracellular product. The mucopolysac 
charide, on the other hand, appears to be 
produced within the cytoplasm and is se- 
ereted onto the developing collagen, Ordi 
takes 


blasts to produce calcified bone, but only 


narily it about ten days for osteo- 
eight hours for an osteoclast to digest and 
destroy it enzymatically, a time differential 
of considerable importance when balancing 
osteoblastic against osteoclastic activity. 
The relationship between osteoblasts and 
osteoclasts is particularly well displayed in 
the egg laying cycle of birds; calcium is 
stored by filling the marrow 
the 


released by clearing out the extra bone for 


with 
maturing and is 


cavities 


bone while ovum is 


the eggshell when the egg enters the shell 
sac, When this cycle is telescoped into twen- 
ty hours (as in the pigeon) it appears that 


the osteoblast and the osteoclast are the 


same cell, since they rapidly change from 
one morphologic type and function to. the 
without cell 


Hence the names given to the cells merely 


other, intervening division. 
designate varying forms and functions of 
the same cell. 

3. Interpretation of Relationship of Tu 
When the full 


types in each of the ten categories of tu 


mor Types. range of cell 
mors is considered against this background, 
a precise form of kinship may be postulated 
(see diagram), based upon the degree to 
which each tumor type duplicates the nor 
mal organic chemistry of matrix produc- 
tion. The tumors in the upper third repre- 
sent incomplete patterns of organic synthe- 
sis, while those of the middle third regularly 
produce abundant skeletal matrix. On one 
side are those tumors of predominantly col- 
lagenic structure, and on the other, those of 
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predominantly glycoprotein makeup. Tu 
mors of the lower third consist of cells 


which attempt to duplicate osteoclastic 
activity. 
This formulation suggests that abortive 


attempts at organic synthesis may occur in 
the Ewing tumor and permit the escape of 
polypeptides, proteoses, or peptones into 
the circulation to produce fever, leukocy 
the 


a problem for chromatographic inves 


tosis, and elevation of sedimentation 


rate 
and urine 


tivation of blood 


Similarly the amyloid, Bence-Jones pro 
tein, and other abnormal organie products 
of multiple myeloma may be complex pre 
teins and lipids resulting from conjugation 
with the products of abortive mucopolysac 


charide synthesis and polysaccharide stud 


ies of blood and urine may clarify such 
relationships 
Ordinarily the mononuclear cells of the 


viant cell tumor omit the phase of synthesis 


and develop directly into multinucleated 
tumor osteoclasts. But their latent ability 
to behave as “blast” cells is unmasked by 


their tendency to produce cartilage in giant 
cell 


nant transformation, The same potential on 


tumors which are undergoing malig 


the part of the mononuclear cells is’ evi- 
denced by the foci of cartilage to be found 
in many benign giant cell tumors of the 


hands and feet, in the rare enchondromatous 
giant cell tumors of the metaphyses of long 
bones, and in the epiphyseal chondroblas 
toma or Codman tumor, Thus, the neoplasms 
demonstrate the same relationship between 
“blast” “clast™ cells that obtains 
in normal bone. 
1. Nkeletal 


cells and 


Fields. Bone is 


organ 


Metabolic 


more than a tissue; it is an with 
special and varying functions in different 
portions not only of the skeleton but also 
of the separate bones. There is a metabolic 
as 


individual bone 


thermocouple 


gradient within each 


evidenced by variations in 


readings, circulatory rates, capillary and 


sinusoidal dilatation, mitotic activity, rela 


tive proportions of osteoblasts to osteo- 


clasts, rates of organic matrix synthesis, 


Ca/P ratios, Ca/N ratios, P/N ratios, car- 
bonate, phosphate ratios, rates of exchange 
of radioactive tracers, and madder feeding, 
the of these data with 


and by variations 


age and with disease. The gradient is a low 
level in the epiphysis and minimal in’ the 
midshaft, while it is high in the metaphyseal 
regions and maximal in the metaphysis of 
end 


the more rapidly growing 


Once the bone has gained sutflicient size 
for the metabolic gradient to be spread 
out space, it can be correlated with 
fields of cell activity (Fig. 2A). In child 


hood, the epiphysis is only moderately ac 
a limited and rather precarious 
Not 


collateral 


tive with 


blood supply. until the growth plate 


closes does circulation develop 
from the abundant metaphyseal blood sup 
ply. The essentially bloodless growth plate 
first synthesizes, then resorbs cartilage mat 
rix, Simultaneously inducing a narrow zone 
result 

The 


subjacent half of the metaphysis (3) is a 


of intense osteoblastic activity as a 


of the phase of cartilage maturation 


field of overbalancing osteoclastic activity 


as primary trabeculae are resorbed and the 


original cortical silhouette is cut back in 
remodelling the broad diameter of the 


growth plate to that of the slender shaft, 
The diaphyseal half of the metaphysis (4) 
is a region of compensating preponderance 
of osteoblastic activity as bone is reconsti 
tuted, particularly along the endosteal sur 
face of the cortex. Activity in the diaphysis 
(5) 


endosteal 


is largely periosteal in location while 


activity and cancellous bone in 
the marrow cavity disappear by osteoclasis. 

During early adolescence, as circumferen 
tial growth of the shaft nears completion, 
the conversion of lamellar bone to Haver 
sian systems begins. After the epiphyseal 
growth plate closes, the stress-strain can 
cellous trabeculae (which are present as 
two independent systems on either side of 
the plate before closure), are resorbed and 
into single 


simultaneously reconstituted 


new system of major weight-transmitting 
trabeculae. 

5. Place of Origin of Tumors. When the 
very small and presumably early tumors of 
each category are analyzed, it becomes ap 
parent that there are preferential sites of 
origin within each bone. In general, a par 
ticular tumor of a given cell type usually 
arises in that field where the homologous 
normal cells are most active, as illustrated 


in Fig. 2B. For example, giant cell tumors, 
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when small or when seen before the epi- 
physeal plate closes, are always located in 
field of the 


disappears 


the osteoclastic metaphysis. 
After the they 


with reconstructive activity, into the epi 


plate spread, 


physis. As might be anticipated, osteolytic 


sarcomas have identical distribution 


Fibrosarcomas arise where cancellous bone 
is disappearing from the medullary cavity. 


The cell 
Ewing's, cell) 


three round sarcomas (myeloma, 


reticulum develop in the 


bone-free marrow cavity of the mid-shaft 


The parosteal sarcoma arises from the peri 
osteal surface at the junction of the meta 
physis and shaft, in the field of predomi 


nant periosteal activity. Though usually a 


tumor of the surface of the cortex, it may 


occasionally arise within the bone and the 


internal portion will then appear as a low 


grade fibrosarcoma. Thus single tumor 


may have cellular components which char 


acterize two different fields. Similarly, an 


occasional sarcoma of adolescence may pre 
sent as a “double” tumor, appearing as a 
giant cell tumor in the metaphysis and as 
extends into the 


an osteosarcoma where it 


shaft of the 


bone 


These regional variations suggest that the 
character of the tumor may be determined 
by the metabolic field in which it arises. 
Such speculations are encouraged by the 
striking change in cellular make-up of many 
tumors after they break out of the bone 
into the soft 
of local field 


from the 


tissues—as if escaping the 


control influences. A further 


suggestion comes variation of 
tumor patterns in different portions of the 
The 


bones of each limb drops as one progresses 


skeleton. metabolic gradient of the 


distally, and enchondromas, for example, 


show a parallel decreasing incidence of 


sarcomatous transformation. (In this re- 


spect, the Codman tumor in long bones 


behaves as if the epiphyseal metabolic level 
approximated that of the phalanges.) 
6. Time of Origin of Tumors. The three 


forms of round cell sarcomas arise in the 


same general location but in different age 
childhood-adolescence for Ewing 
cell 


coma, and middle and old age for myeloma. 


groups: 


tumor, adulthood for reticulum sar- 
Borderline tumors appear in the third and 
fourth decade; it may be that the changing 


metabolic activity of bone with increasing 
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age may influence the character of the 
cells comprising the tumor. 

Apart from the three round cell tumors, 
the majority of bone 
late 


range. 


tumors develop in 
age- 
This is the time of the last growth 


adolescence--the 15 to 25 year 


spurt and maximal reconstructive activity 
of both cortical and cancellous bone, and it 
is the period when the various tumors are 
seen in their most characteristic form. Giant 
cell tumors, osteosarcomas, and chondrosar 
comas predominate (and, if one avoids hy 
phenated terms, naming the tumors for the 
quantitatively predominant component, chon- 
drosarcomas are more common them osleo 
sarcomas ) 
The highly 
childhood 
ferentiated 


malignant bone tumors of 


areas of undif 
that the 


osarcomas in part resemble Ewing tumors. 


show extensive 


round cells, so oste 


In mid-adult life, however, the same neo 


plasms tend to be much slower growing and 


more mature in appearance. In the fourth 


decade the usual polyhedral mononuclear 


“stroma cells” of the giant cell tumor fre 
quently assume spindle patterns to look like 
with fat to 


fibroblasts, or fill appear as 


xanthoma cells. Parosteal sarcomas (“osteo 


blastoma”) and fibrosarcomas, with their 
notably better prognosis, are largely tumors 
of this period. Furthermore, there are some 
periosteal chondrosarcomas of the shaft and 
osteosarcomas of the midshaft 
that 


fourth decade, which are very slow growing 


a group of 


of major long bones develop in the 
and well differentiated, and approximate in 
prognosis the parosteal sarcoma and fibro 
sarcoma 

Tumor Inci 


majority of bone tu 


Factors in 
Although the 


mors develop during the period of mayimal 


7. Quantitative 


de nee 


bone reconstruction, it is important also 


to recall that most of them occur in the 


longest bones (humerus, tibia and femur) 


which show the most growth and recon 


struction. Furthermore, the larger number 
that 


growth is 


occur in end of each of these bones 


where greatest (shoulder and 
knee regions). ‘This suggests a relationship 
between the number of tumors and the 
amount of cell activity, a relationship im- 
plicit in evidence of an antecedent benign 


fibrous lesion in 25 per cent of the fibro 


sarcomas, and in the incidence of chon 
drosarcomas developing from enchondromas 


excessive cellular proliferation to progress 


and osteochondromas. propensity for 


to neoplasia is further suggested by the 


occasional development of bone sarcomas in 
the actively proliferating margin of a bone 


infarct, an old osteomyelitic sear, or an 


old unresolved callus. Recently there has 


been a growing suspicion that pregnancy 
may enhance the activity of some bone tu 
mors as might be expected from the addi 
effect” of 
and androgens on osteoblastic activity. Von 


tive growth hormone, estrogens, 


Recklinghausen’s generalized osteitis fibrosa 


cystica may be associated with 


cell 


tumor of 


true giant 


tumors as well as with the brown 


hyperparathyroidism. Finally, 


Paget’s disease is notorious for its high 
cell 


a peculiar double 


incidence of osteosarcomas and = giant 
tumors, and occasionally 


both 


be seen. 


tumor of osteoblasts and osteoclasts 
may 
The 


seem to be that diseases characterized by 


underlying common factor would 
prolonged periods of excessive cell activity 


carry an increased hazard of neoplastic 


transformation of those cells 
SuMMARY 


Thus, an analysis of where, when, and 
how often bone tumors oceur indicates that 
these neoplasms are net completely autone 
mous but are subject to the laws of field 
behavior of normal bone, which they may 
caricature, but 

The 


sent abortive attempts at, or 


cannot wholly escape, 


various categories of tumors repre 
varving de 
grees of success in recapitulating the or 
ganic chemistry of production and destruc 
tion of skeletal matrices by the cytoplasmic 
activity of the cells 

The 


seems to be the 


appearance of a particular tumor 


result of the influence of 
the field forces upon the neoplastic cells and 
is manifested by a characteristic eytoplas 
Thus, 
the broad aspects of the biologic behavior 
their 


phology, and, conversely, their biology may 


mic activity which defines the tumor 


of bone tumors are reflected in mor 
be inferred from a detailed study of their 


morphology. 
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DISCUSSION differences in the degree to which the cell 
has come to approximate full functional 
HENRY LL. JARRE: Dr. Johnson has 


conveved to us, very interestingly, his con 


bone tumers. How he can 


cell 


there 


ception of the 
them all 


and at the 


basic 
that 

differences between the 
task of 


the first place, he 


derive from the same 


same time recognize 


ire: Clinico-anatomic 


various bone tumor entities is) the 


his theory to explain In 


lays great stress upon the fact that, along 


with the predominant tissue pattern pre 


sented by one of the given tumor entities, a 


specific lesion may show some tissue fields 


one or a number of the other 


stiyyvesting 


clinico-anatomic tumor types. However, he 


overemphasizes this so-called histologic over 
lapping of the tissue patterns in the various 
tumor types, and, furthermore, he fails to 
that, in 


note a particular bone tumor, one 


may encounter tissue elements which are 


not the product of the actual tumor cells 


of the lesion at all. Nevertheless, Dr. Jobn 
son is not diverted by this idea of over 
lapping tissue patterns when faced with 


the question of classification and of diag 
nosis directed toward treatment. He recog 


nizes, as do all of us who deal with these 


matters, that, in applying a diagnosis to a 


particular tumor, one is 


guided by the 


dominant histologic tissue pattern re 
vealed by microscopic examination of tissue 
from many different areas of the tumor, It 
difficult 


cannot 


would be 
that 


standing of any particular bone tumor with- 


to overemphasize, also, 


one have an adequate under- 
out an adequate understanding of its x-ray 
picture as a reflection of the gross anatomy 
of the 


To me, it 


lesion 
that 


approach to bone tumor classification and 


seems in the practical 


diaynosis, one must conceive of the differ- 


ent tumors as clinico-pathologic entities 
age 


rventgenographic 


toward whose delimitation and sex 


distribution, localization, 
pattern, and dominant histologic pattern all 
contribute more or less. However, the pres 
entation tonight relates to a general theory 
of the 
upon the idea that all the different types of 
tumors 


bone tumors. This theory is based 


originate from single type of 


basic cell and that the differences which the 


tumors eventually present represent merely 


capacity. The corollary of this idea is that 


the only justification for different names 


for the different bone tumor entities lies in 
clinical 
of Dr. 


on this whole question 


a difference in admire 
thouuht 


seems to me 


behavior I 
the broad Johnson's 


But it 


that this attempt to reduce the bone tumor 


scope 


problem to the idea of a basic cell played 
upon by the forces of growth and metabo 
lism obliterates useful distinetions its 
attempt to create unity 


Dr. Johnson gave us a clear and vivid 
summary of protein chemistry as it applies 
to bone formation, and a dynamic picture 
of the activity of the osteoblasts and chon 
droblasts in laying down bone and cartilage 
matrix. He also pointed up the metabolic 
that 


and in 


interchange goes on in the bones in 


general, Various specific sites in 
individual bones. | am afraid, however, that 
all this does not help us as much as he 
thinks it 


bone 


might the 
The 


much of his argument upon the idea of a 


understanding of 


tumors. trouble is that he bases 


close analogy between the physiologic ac 
tivity and behavior of bone as tissue on the 
of the 


bone on the 


one hand, and the behavior tumor 


tissue of a tumor in other. 
Actually, 


forces into a unit on this basis are of fun 


many of the tumors which he 
damentally different natures. This is true, 
for instance, of multiple myeloma on the 
one hand, and osteogenic sarcoma and chon 
drosarcoma on the other. Nevertheless, it is 
always good to be made to see so vast a 
whole. And this Dr 


subject again as a 


Johnson has done for us. 

FRED W. STEWART: I did not intend 
to discuss this paper. I spent a week in 
Washington at the Institute in December, 
and talked this over with Dr. Johnson and 
think I 
was rather more impressed than Dr. Jaffe 
feel in fact 
sympathetic with his point of view, and I 


saw some of his material, and I 


seems to have been. I vers 
must also say I do not think he has made 
the effort to destroy or render useless the 
various existing clinical-pathologic distine 


tions. He admits their validity. 
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Dr. Jaffe 
marks, 


JOHNSON: I 
and Dr. 


thank 


their re- 


wish to 
Stewart for 
In reply to Dr. Jaffe, may 1 emphasize 
that statements or implications as to the cell 
of origin for any of these tumors were 
carefully avoided, In fact, it was specifically 
that 


by their 


stated the cells were identified only 


products, that is, descriptively 
The cell of origin, like paternity, is often 
faith, 


designation of a cell need not involve com 


a matter of while the descriptive 
mitments regarding its past or its future 
This 


single 


attitude is necessary when within a 


slide of the 


find a 


whole tumor from a 


uterus one can leiomyoma under 


voing sarcomatous transformation to a 
myosarcoma and then extensive metaplasia 
to produce bone. When the bulk of such a 
tumor is composed of bone, it is deserip 
tively an osteosarcoma, but histogeneticaliy, 
Only the 


established 


metaplasia of a myosarcoma, 


accident of a fortunate section 
an unexpected cell of origin. Since this acci- 
or in 
cell of 


origin are still largely a matter of inference 


dent seldom occurs in bone tumor, 


tumor slides in general, ideas of 
and faith. The table demonstrating the re 
lationship between the tumors is not a table 
of derivation from a cell of origin but of 
functional and chemical kinship, irrespective 
of cell of origin. 

Dr. Jaffe has properly warned against 
mistaking tissue elements in a tumor for the 
actual products of the tumor cells. In all 
the illustrations that I have shown, a criti 
cal selection was made to demonstrate only 
that 


production by the specific neoplastic cells. 


those matrices meet the criteria of 

I am certainly in agreement 
with Dr. Jaffe’s that 
diagnosis depends on the dominant histolo- 
that 


necessary. 


complete 


str.tement tumor 


gic pattern and x-ray and clinical 


correlations are Ilowever, our 


object this evening was to consider the 


possible meaning of the subdominant or 


minor patterns that are also to be found in 


many tumors. The situation is analogous to 
the circumstances in the physical sciences 


after the formulation of the laws govern- 
ing the behavior of gases in a room such as 
this. Later studies demonstrated that these 
laws did not adequately account for the be 
havior of gases at extremes of temperature 
This led to 


from which evolved a single general law and 


and pressure modifications, 
a deeper insight into the molecular behavior 
of gases that was not possible until the ex 
ceptions had been understood, Yet, the new 
equations, the new laws, which encompassed 
the exceptions, in no way invalidated the 


operation of the original gas laws at room 


temperature. Likewise a consideration of 
the relationships between tumors in no way 
for, or the criteria of 


modifies the need 


every day hospital diagnosis. It may, how 
ever, give us added insight into the reasons 
for the behavior of each tumor, It also pre 
sents us with challenges to additional in 
that 


for example, if the 


vestigations are not otherwise ap 
field 


determines its 


parent: within 


cell 
manner of 


which a tumor arises 


type, speed of growth, and 
spread, a proper understanding of the biolo 
gic laws which govern that field might lead 
to the 


eventually might permit conversion of bone 


means of control of the cells and 
tumors from more active to less active and 
even to manageable types 

This attempt at a general theory does 
not stand alone but is in keeping with the 
work in other classes of neoplasms. It is 
the essence of Bailey and Cushing's original 
work on gliomas and of Kernohan'’s more 
recent study, of Dr. Foot's studies of skin 
New York, and of Fried 


man’s and Moore’s study of testienlar tu- 


tumors here in 
mors, Paradoxically, boundaries between in- 


dividual tumors in each category become 
indistinet as our perception sharpens. One 
may reasonably hope that general theories 
of each major class of tumors may pave the 
way for a general theory of all neoplastic 


dliseases, 
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New Optical Methods For the Study of the Cell: 
Applications m Pathology 


Roperr C. 


Institute tor Cancer 


The 


yim.) quantities of certain biochemical com 


inalysis of micro-microgram (10-7 
pounds, such as eyelic amino acids, purines 
ind pyrimidines, nucleic acids, porphyrins 
and steroids, can be performed by instru 
mentation which the 


employs reflecting 


microscope and accessory optical and elec 


tronic components. Microabsorption analysis 
can provide qualitative, identifying informa 
such is the 


tion, presence of absorption 


bands at 416.0, 5438.7, and 574.4 my for the 
oxvhemoglobin contained within a single red 
blood cell, and quantitative data, such as the 
immount of hemovlobin in a single red blood 
cell, 30x10" gm. or the desoxyribose nucleic 
iid content of a single cell nucleus, a value 
of the order of 6x10-" gm 

Problems of interest in pathology which 
tre currently studied in our laboratory by 
the microspeetroscopy of cells include: 


1. The the cell 


and the alterations the 


maturation of red blood 
accompanying 
nucleic acids and the svnthesis of hemoglo 
bin 

2 hve lon ili 


ferritin and 


ition of the iron-proteimn 


complexes, hemosiderin. 


Th 


in choletnic 


composition of renal tubular casts 
ind hemoglobinurie nephrosis 

4. The localization of fluorescent carcino 
wens 

5. ‘The nucleic acid content of the normal 
ind the neoplastic cell 

6. The 


the mitochondria of living cells 


activity of oxidative enzymes in 


Research and Pathology 


MeELLors 


Memorial Center, New York 


Laboratories, 


DISCU 


Mary A. Marcus: Is there any evidence 
that one can identify viruses by this means? 

Tuomas G. Mornione: Dr. Mellors, what 
is the degree of accuracy of these quantita- 
tive methods? 


the 
adapted to a fluorescent screen? 


Aurrep Can system be 


A 
identification of viruses is a subject which 
afield 
that we have described 


Rornerr C. discussion of the 


would take us far Optical methods 


here would not be 
useful in such a study because, in general, 
viruses are too small to be observed by this 
type of microscope. The electron microscope, 
the 


Viruses 


of course, has great applicability in 


study of small particles such as 


The question of accuracy can be ans 
that the 


accuracy of a 


wered by saying micromethod 
the 


method, It is most difficult to express this 


does not have macro 
as a per cent figure without much qualifiea 
tion and detail 

The 
the presentation of rapidly scanned spectra 
that 


fluorescent screen can be used for 


or for the conversion of images are 


invisible to those which are visible 
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Use of Alidase® Permits Subcutaneous Administration 
of Fluids at Usual Intravenous Rates 


In operative states — Alidase circumvents the com- 
plicating factors of venous thrombosis and 
“wornout” veins which frequently make fluid 
administration by vein difficult and dangerous. 
Simplicity and safety of Alidase make hypo- 
dermoclysis a method of choice for preoperative 
preparation and postoperative maintenance. 


In burns —Plasma and electrolyte solutions can 
be given subcutaneously at effective rates when 
Alidase is employed; collapsed veins or risks of 
thrombosis are not a problem with this method. 


Addition of Alidase to the first few cubic 
centimeters of fluid during hypodermoclysis 
speeds absorption to a degree approximating 
that of the intravenous route. Use of highly 
purified hyaluronidase in this manner avoids 
the well-known difficulties encountered with 
venoclysis, saves valuable nursing time and is 
more comfortable to the patient. 

Hechter, Dopkeen and Yudell' have found 
that the use of hyaluronidase has ‘markedly in- 
creased the rates of absorption and administra- 
tion of hypodermoclysis with no untoward re- 
actions.”’ They also found that extremely small 
amounts of this enzyme facilitated the absorp- 
tion of fluids in that greater amounts of fluids 
were absorbed by the patient in a given period of 
time and that the localized swelling following 
hypodermoclysis disappeared more promptly. 


Similar results with Alidase were recounted 
by Schwartzman, Henderson and King.? They 
observed “that absorption of various types of 
solutions, such as saline, glucose in saline, Hart- 
mann’s solution, Ringer's solution, penicillin, 
streptomycin, Adrenalin, and procaine was facili- 
tated in every case. 


” 


In toxemias of pregnancy — Urgently-needed par- 
enteral fluids may be administered subcutane- 
ously with the aid of Alidase, eliminating risk of 
thrombosis attending repeated intravenous ad- 
ministration of electrolyte solutions. 


Alidase is the highly purified Searle brand of 
hyaluronidase and is accepted by the Council 
on Pharmacy and Chemistry of the American 
Medical Association. 


G. D. SEARLE & CO., Research in the Service of Medicine 


1. Hechter, O.; Dopkeen, S. K., and Yudell, M. H.: The 
Clinical Use of Hyalurenidase in Hypodermoclysis, J. 
Pediat. 30:645 (June) 1947 

2. Schwartzman, J.; Henderson, A. T., and King, W. E.: 
Hyaluronidase in Fluid Administration: A Preliminary Re- 
port, J. Pediat. 33:267 (Sept.) 1948 
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normalizing blood pressure 


IN HYPERTENSION ‘Hexameton’ 
Chloride is often strikingly beneficial. 
‘Hexameton’ inhibits or blocks 
autonomic ganglion transmission; 
the effect is virtually that of 
sympathectomy, but being achieved 
without surgery, it may be graduated 
and controlled from day to day, 
according to results. 


Hexamethonium Chloride 


COMPRESSED 250 mg. and 500 mg. 
(both scored). Bottles of 100 
and 1000, 


INJECTION 25 mg. hexamethonium 
ion in each cc. Multiple-dose 
vials of 10 ce. 


‘Hexameton’, as any potent hypo- 
tensive agent, should be used with 
great care. Patients should be 
hospitalized for commencement of 
therapy. It is recommended that 
details of dosage, administration, 
precautions, and side effects be 
studied before ‘Hexameton’ is pre- 
scribed. This information accom- 
panies each package, or may be 
obtained on request. 


& BURROUGHS WELLCOME & CO. (U. S. A.) INC., Tuckahoe 7, New York 


brand 

if 


in the hands 
of the physician 


Often the critical evaluation of the 
drug to be administered is as im- 
portant to the patient's recovery as 
is the diagnosis of his condition. In 
each case correct procedures can be 
determined only by the physician. 
CHLOROMYCETIN is eminent among 
drugs at the disposal of the medical 
profession. Clinical findings attest 
that, in the hands of the physician, 
this widely used, broad spectrum 
antibiotic has proved invaluable 
against a great variety of infectious 
disorders. 


notably effective 
ll tolerated 
Chlor omyceln antibiotic 


The many hundreds of clinical reports on CHLOROMYCETIN emphasize 
repeatedly its exceptional tolerance as demonstrated by the infrequent 


occurrence of even mild signs and symptoms of gastrointestinal distress 
and other side effects in patients receiving the drug. 

Similarly, the broad clinical effectiveness of CHLOROMYCETIN has 
been established, and serious blood disorders following its use are rare. i 
However, it is a potent therapeutic agent, and should not be used indis- 
criminately or for minor infections—and, as with certain other drugs, 
adequate blood studies should be made when the patient requires pro- 
longed or intermittent therapy. 


CHLOROMYCETIN (chloramphenicol, Parke-Davis) is available in a variety 
of forms, including 
CHLOROMYCETIN Kapseals,® 250 mg., bottles of 16 and 100 
CHLOROMYCETIN Capsules, 100 mg., bottles of 25 and 100 
CHLOROMYCETIN Capsules, 50 mg., bottles of 25 and 100 
CHLOROMYCETIN Ophthalmic Ointment, 1%, \-ounce collapsible tubes. 
CHLOROMYCETIN Ophthalmic, 25 mg. dry powder for solution, 
individual vials with droppers 


Dai 


DETROMT. 


gk 
re 
| | 
a 


BULLETIN 


CHARLES B. TOWNS HOSPITAL 1901 


Complete Medical & Psychiatric Treat- 
ment at predetermined cost. Privacy 


FOR THE TREATMENT OF ALCOHOLISM of patient is d—if desired 


literature on Request 


NARCOTIC AND BARBITURATE 


Edward B. Towns, Director 
ADDICTIONS EXCLUSIVELY 293 Central Park West, N. Y. 24, N. Y 
SChuyler 4-0770 


Member American Hospital Association 


COUNCIL ACCEPTED 


A DEPENDABLE, QUICK-ACTING 
CEREBRAL AND MEDULLARY 
STIMULANT 


Metrazol is indicated in narcotic 
depression, for instance, in poisoning 
with barbiturates or opiates and during 
or after the operation when respiration 
becomes inadequate because of medul- 
lary depression due to the anesthetic. 
Metrazol, pentamethylentetrazol 


Ampules, | cc. and 3 cc. 
Sterile Solution, 30 cyan repeat if necessary, and continue with 


Tablets and Powder | or 2 cc. intramuscularly as required. 


Bilhuber-Knoll Corp. Orange, N. J. 


Inject 3 cc. Metrazol intravenously, 
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LL’s well, sleep-robbing cough has been arrested. 
Good triumphs over bad again. And it’s a quiet 
night for the Junior Police. 


Night-long freedom from cough can often be pro- 


vided with a single bedtime dose of PHENERGAN 
EXPECTORANT. 


This agreeably flavored new expectorant gives your 
patients the combined benefits of Phenergan, the /ong- 
acting antihistaminic that has local anesthetic action, 
plus an effective, time-tested sedative-expectorant 
prescription formula. 

Now available with or without Codeine. 


EXPECTORANT 
@ WITH CODEINE* 


Promethazine Expectorant with Codeine 


@ PLAIN (without codeine) 


Promethazine Expectorant 
Supplied in bottles of 1 pint. 


*Exempt Narcotic 
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the most widely used 


ethical specialty for 


DESITIN 


care of the infant’s skin 


the pioneer external 


cod liver oil therapy 


Decisive studies}.? 
substantiate over 25 
™ years of daily clinical 
use regarding the ability of Desitin 
Ointment to...... protect, soothe, 
dry and accelerate healing in... 


e diaper rash e exanthema 
e non-specific dermatoses 

e intertrigo prickly heat 
e chafing irritation 


(due to urine, excrement, chemicals or friction) 


Desitin Ointment is a non-irritant blend of high 
grade, crude Norwegian cod liver oil (with its 
unsaturated fatty acids and high potency vita- 
mins A and D in proper ratio for maximum effi- 
cacy), zine oxide, talcum, petrolatum, and lanolin. 
Does not liquefy at body temperature and is not 
decomposed or washed away by secretions, exu- 
date, urine or excrements. Dressings easily 
applied and painlessly removed. 


Tubes of 1 02., 2 0z., 4 oz., and 1 Ib. jars 


write for samples and literature 


DESITIN cuemicat company 


70 Ship Street © Providence 2,R.1. 


1. Heimer, C. B., Grayzel, H. G. and Kramer, B.: Archives of 
Pediat. 68:382, 1951. 

2. Behrman, H. T., Combes, F. C., Bobroff, A. and Leviticus, 
R.: Ind. Med, & Surg. 18:512, 1949, 
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MUSCULO-SKELETAL 
ACHES AND PAINS 


ARTHRITIS © Rub A-535’s combination of time- 

proven ingredients, in a modern 

RHEUMATISM ° non-greasy, stainless, vanishing 
BURSITIS 


base facilitates rapid analgesic and 
MYOSITIS counter-irritant action in the symp- 
NEURITIS © tomatic treatment of a wide range of 
musculo skeletal conditions. 
SCIATICA © Rub A-535 contains four active in- 
LUMBAGO 


gredients: Camphor Menthol 1‘, 
Oil Eucalyptus '2% 


, Methyl Salicylate 
12%. 
Rub A-535 may be used following dia- 


thermy, infra-red lamps, baking and other 
forms of physio-therapy. 


jAntiphlogi stine: 


For a Professional Sample of Rub A-535, Write Dept. E-32 


THE DENVER CHEMICAL MFG. CO., Inc. 
163 Varick Street, New York 13, N. Y. 
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A-535 | 
= 

A535 
| 


j 
) 


Highly effective + Welltolerated + Imparts a feeling of well-being 


Estrogenic Substances (water-soluble) 


/ 
also known as Conjugated Estrogens (equine) 


AYERST, McKENNA & HARRISON Limited * New York, N. Y. * Montreal, Canada 


Thousands of physicians 
4 "for the 
of the menopause. 


Each gram contains: 

Cortisone Acetate... 15 mg. 
Neomycin Sulfate... . . 5 mg. 
(equivalent to 3.5 mg. neomycin base) 
Available in | drachm tubes with 


applicator tip 


The Upjohoa Company, Kalamazoo, Michigan 


eorlisone 

for inflammation, 
neomycin 

for infection: 


Neosone 


Trademark 


OPHTHALMIC OINTMENT 


THE BULLETIN 


Herald Square, N.Y. 


Parkchester, Bronx 


White Plains, N. Y. 


Jamaica, Queens 


Flatbush, Brooklyn 


MACY'S PRESCRIPTION DEPARTMENT 


Macy’s respects professional ethics. We carefully avoid dis- 
cussing your prescription, either its ingredients or its use, with your 
patient. You can be assured that all your prescriptions are accurately 
compounded exactly as you write them. And all our preparations, 
made from the finest ingredients obtainable, are carefully checked 


by our supervising pharmacists. 


No wonder so many physicians prefer Macy's Prescription Department. 


When correct shoes are indicated, 
Pediforme provides a variety of 
lasts and sizes to conform with 
your requirements. Corrective al- 
terations are carefully made only 
on presentation of your prescrip- 
tion which is acknowledged for 
your patient's file record. 


WRITE FOR SHOE ALTERATION FOLDER 


MAGER «& 
GOUGELMAN, Inc. 


OVER A CENTURY OF SERVICE * 1851-1952 


@ PRIVATE FITTINGS 
PERSONAL ATTENTION 
@ EXPERIENCE & SKILL 


510 MADISON AVE., N. Y. 22 
Telephone Plaza 5-3756 
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For surer 
hand ties 


When the surgeon makes 
a series of hand ties, 

D & G Spiral Wound 
Surgical Gut USP 
unreels in his hand, 

free from kinks, 

with all its tensile 
strength preserved. 


The gut should be 

gently pulled out straight 
immediately after 
removal from the tube. 


Spi 


Snrewal Gad 


Sai es 
make 


lies 


Surgeons welcome a new convenience —D & G 
Spiral Wound Surgical Gut. It is wound on a 
cylindrical reel—comes ready for immediate use 
in ligation and suturing. Spiral winding preserves 
all the original strength. None is lost through kinks 
or bends. 

Nurses, too, save time with Spiral Wound Gut. No 
more unwinding from an old style flat reel and re- 
winding onto a rubber tube, glass rod or spindle 


D & G foresees the surgeon's needs 
D & G Spiral Wound Gut is the latest Davis & Geck 


contribution to improved suturing. “Timed-absorp 
tion” surgical gut is another —this exclusive D & G 
method embodies accurately graded degrees ot 
chromicizing. The suture resists digestion most 
strongly during the first postoperative days, when 
greatest strength is needed. It is absorbed more- 
rapidly when tissues have regained their natural 
strength 
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Specialists in Plastic and Glass 
Artificial Human Eyes Exclusively 
REFERRED CASES CAREFULLY ATTENDED 


FRIED & KOHLER, Inc. 


Satisfaction 665 FIFTH AVENUE NEW YORK, N. Y. 
Guaranteed near 53rd Street Tel. Eldorado 5-1970 


NOTICE 
Our supply of back numbers of the Bulletin from January to June, 
1952, inclusive, is exhausted. We would be most grateful if fellows 


or subscribers would donate any of these numbers which they no 


longer need. These may be left, or sent, to “The Bulletin,” room 


61, The New York Academy of Medicine, 2 East 103 Street, 
New York 29, N. Y. 


Tue Eprror 


= The PARK A NURSING HOME 


WITH A NEW CONCEPT 


TOW \\ H 0 U SE A residence of elegance and grace under the direction of 


qualified professional personnel lt meets your most 

thorough requirements and sotisfies your most fastidious 

NU RSING HOME patients. It provides personalized attention to the indi- 

: vidual and his social needs promoting zest for health 
61 St. and life. 


New York 28, N. Occupati and Re i | Therapy. Muzak. Relaxa- 
TRafalgar 6-0415 


tion in Spacious Gardens. Convenient for 


L. Gaines, Director Visits To Your Patients. 
(Member, Amer. Geriatrics Soc.) We Cordially Invite Your Inspection 
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JK This identical triplet allergic to milk 
MULL-SOY eliminated symptoms, gave 


superior weight and growth curves 


From the Summary* “A case of gastrointestinal allergy caused by milk in one of a 
set of identical female triplets is reported. Elimination of milk from the diet of the 
allergic baby and substitution of soy milk caused a dramatic regression of 


symptoms, and weight gains which surpassed those of the non-allergic sisters.” 


From the Conclusions* “Milk allergy need no longer be the difficult infant feeding 
problem it was formerly. Complete elimination of milk and all milk-containing 
foods is feasible and desirable in milk allergy and can now be safely and simply 
carried out. The soy preparation [Mull-Soy| fed to Baby R gave weight and growth 
curves equal to and better than those of the two sisters fed a cow’s milk formula.” 
*Sobel, S. H.: Milk Allergy in a case of Triplets, Clin. Med., August 1952. 


EASY—To prescribe—To take—To digest 


a liquid, homogenized, vacuum-packed 
food for all patients allergic to milk 


The BORDEN Company, 
Prescription Products Division, 


350 Madison Ave., N. Y. 17 
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The Most 
Pressor Antidote for 


BLOOD PRESSURE 


- Levophed infusion 30 drops/min. Levophed infusion 30 drops /min, 


$00 ce. plasma (2 


500 cc 
100 1000 cc. 5% dextrose 


BRAND OF LEVO-ARTERENOL (NOR-EPINEPHRINE) 


Promise, Easily Conltolled 


Clinical experience with Levophed has demonstrated SUPPLIED: Levophed solution 1:1000 in ampuls 
the dramatic, often life-saving action of the drug. of 4 cc. (boxes of 10), to be administered in 
1000 cc. of infusion fluid. 

Levophed is indicated for the elevation and main- Write for pamphlet giving a detailed 
tenance of blood pressure during all stages of shock, discussion of clinical experience with 
including profound, advanced, prolonged and so- Levophed and its manner of use. 
called “irreversible” shock, as well as other acute 
hypotensive states associated with surgical and non- — Y, Sz 

surgical trauma, hemorrhage, disease and central ite Ye DCW 
vasomotor depression New Yor 18, N.Y. Winosoe Ont 


levophed, trodemart reg & Canada 


AG 
200 
te 35 Grops (min, 
Lovophed discontinued 
100 
if 
Blood pressure Blood pressure unobtamable 
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76.0% of patients 
preferred 


EURAX 


Bibliography 


eig 


for 
relief 


of 


pruritus 


In a recent study! of 200 cases of itching dermatoses, 76.66 
of all patients who had had previous experience with 
other antipruritics expressed a preference for Eurax Cream. 


In this study, as in previous reports* °, Eurax Cream produced 
complete relief of itching in approximately 65 per cent 
of cases, and partial relief in most of the remainder, 


Other favorable features of Eurax Cream that were 
again confirmed include: 


Prolonged effect lasting up to 8 hours or more. 
No loss of effect on continued use. 
Virtually complete lack of sensitizing or toxic properties. 


not an antihistaminic or a -caine derivative . . . is indicated 
for prompt, prolonged relief of itch in practically all forms 
of dermatosis including pruritus due to administration 

of antibiotics. 

Eurax Cream* (brand of crotamiton cream) contains 10% 
N-ethyl-o-crotonotoluide in a vanishing-cream base. 

Tubes of 20 Gm. and 60 Gru. and jars of 1 Ib. at your local pharmacy. 
1. Hitch, J. Ms North Carolina M. J. 12-548, 1951 

2. Peck, S. ML. and Michelfelder, T. J New York State J, Med. 50.1934, 1950, 

3. Couperus, M.: J. Invest, Dermat. 11°55, 1949. 

4. Soifer, A.: Quart. Kev. Int. Med. & Dermat. #1, 1951, 


5. Johnson, S. M., and Bringe, J. W.: Arch. Dermat. & Sypb. 63.768, 1951. 
Pat. $2,505,081. 


Samples and Reprints on Request 


GEIGY PHARMACEUTICALS 
Division of Geigy Co., Inc. 
220 Church St., New York 13, N. Y. 
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Aminophyllin... 


a ‘most effective single agent 


for prompt relief” of severe 


bronchial asthma 


“useful as a peripheral vasodilator and 


myocardial stimulant” in 
pulmonary edema 


paroxysmal dyspnea 
of congestive heart failure 


Cheyne-Stokes respiration 


H. E. DUBIN LABORATORIES, INC. 


250 E. 43rd St. - New York 17, N.Y 


aminophyllin 


(theophylline-ethylenediamine) 


readily 
soluble for 
rapid 
therapeutic 
effect. 


TABLETS + AMPULS 
POWDER 
SUPPOSITORIES 


SECTION ON MICROBIOLOGY 


PUBLISHED SYMPOSIA 


Symposia of the Section on Microbiology of 
The New York Academy of Medicine 
have been published, as follows: 


SYMPOSIUM No. 

Diagnosis of viral and rickettsial infections 
Frank L. Horsfall, Jr., Editor 

Columbia University Press, $3.75 


SYMPOSIUM NO, 2 

Evaluation of chemotherapeutic agents 
Colin M. MacLeod, Editor 

Columbia University Press, 1949 $4.00 
SYMPOSIUM No. 3 


The pathogenesis and pathology of viral 
diseases 
John G. Kidd, Editor 


Columbia University Press, 1950 $5.00 


SYMPOSIUM No. 4 


Parasitic infections in man 
Harry Most, Editor 


Columbia University Press, 1951 $4.50 
symposium No. 5 
Nature and significance of the 
antibody response 
A. M. Pappenheimer, Jr., Editor 
Columbia University Press 
To be published, February 1953 $5.00 


SYMPOSIUM No. 6 


The effect of ACTH and cortisone 
upon infection and resistance 
Gregory Shwartzman, Editor 
Columbia University Press 
To be published -—- 


rhese volumes may be obtained by applying directly to the 
Columbia University Press, 2960 Broadway, New York, N. Y. 
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Local Anesthetic 
Action 


Cough Reflex 


Depressant 


Expectorant 


Antihistaminic 


anew approach 
to cough control 


Tosanon is a unique cough preparation supplying 
a four-point attack on coughs. Tosanon contains 
Oranixon® (mephenesin), 75 mg per tsp.. 


for its unusual local anesthetic effect which helps 


aj relieve tension and soreness of throat membranes. 


Tosanon also contains dihydrocodeinone 
bitartrate (a superior codeine derivative), 

-67 mg per tsp., for cough reflex depressant 
action; potassium citrate, 400 mg per tsp., 
for non-irritating, rapid expectorant action; 
and pyrilamine maleate, 7.5 mg per tsp., 
for effective antihistaminic action. These are all 
contained in a palatable vehicle with a special 
spreading action which assures intimate contact 
of therapeutic ingredients with irritated surfaces. 
Tosanon is available in 1-pint bottles, 


Organon INC. ORANGE, N. J. 


T.M.—Tosanon 


Organon 
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An Important Diet-Feature in Weight-Control Programs 
WALKER-GORDON CERTIFIED 
LOW-FAT Shismmed MILK 


Remove the cream from Walker-Gordon Certified Whole Milk and you have 
Walker-Gordon Certified Skimmed Milk... custom-made for weight-control 
and weight-reduction programs. Your patients get the necessary nutrients 
of Walker-Gordon Certified Whole Milk without the butter fat and fat soluble 
vitamins. All the minerals including caletum and phosphorus, water-soluble 
vitamins, amino acids, and proteins remain, but only about half the calories 
of Whole Milk are present. And this pure, delicious, FRESH Skimmed Milk 
has real taste-appeal. 
The Medical Profession also frequently recommends Walker 
Gordon Certified Skimmed Milk in cases of Pregnaney and 
Lactation, Childhood and Adult Obesity, Abnormal Bile 
Secretion, Celiac Disease, Infant Feeding, Gastric Ulcers. 
Diarrhea, Psoriasis, Allergy, Diabetes, Colitis. dene, Kezema, 
and Hypertension, 
Desivered fresh within one day of milking by leading dairy distributors in 
New York, New Jersey, and Pennsylvania. 


FREE? Descriptive book, “Technical Control and Supervision of Walker- 


Gordon Certified Milk.” sent without obligation on request. 


Walker-Gordon Laboratory Co. 
Pininsbere, N. J. Phone Plainsboro, 3-2750 


Certified by the Medical Milk Commissions of the Counties of New York, Kings, 
Hudson, and Philadelphia 
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NEOHYDRIN 


THE DIURETIC TABLETS THAT WORK 


lifetime therapy — 


NEOHYDRIN helps keep the cardiac patient in 
fluid and electrolyte balance for his lifetime 
—a lifetime that might be impossible with- 
out such control of water and salt metabolism. 


day in, day out diuresis — 

NEOHYDRIN daily, maincains a steady, unin- 
terrupted diuresis. This allows more liberal 
salt intake which benefits the patient psycho- 
logically. Even more important, liberalized 
salt intake permits the daily physiologic in- 
take and output of sodium required by the 
body and safeguards against salt depletion. 


prescribe NEOHYDRIN when indicated in 


( 


how to use this new drug 


Maintenance of the edema-free state has been accom- 
plished with as little as one NEOHYDRIN Tablet a day. 
Often this dosage of NEOHYDRIN will obtain per week 
an effect comparable to a weekly injection of MERCU- 
HyYDRIN.® When more intensive therapy is required one 
tablet or more three times daily may be prescribed as 
determined by the physician. 


Gradual attainment of the ultimate maintenance dosage 
is recommended to preclude gastrointestinal upset which 
may occur in occasional patients with immediate high 
dosage. Though sustained, the onset of NEOHYDRIN 
diuresis is gradual. Injections of MERCUHYDRIN will be 
initially necessary in acute severe decompensation. 
NEOHYDRIN is contraindicated in acute nephritis and 
nephrosclerosis. 

Any patient receiving a diuretic should ingest daily a 


glass of orange juice or other supplementary source of 
potassium. 


congestive heart failure ¢ recurring edema and ascites ¢ cardiac asthma ¢ hypertensive heart disease 
dyspnea of cardiac origin ¢ arteriosclerotic heart disease ¢ fluid retention masked by obesity ¢ and, 


for patients averse to their low-salt diet. 


FOR 


packaging Bottles of 50 tablets. There are 18.3 mg 
of 3-chloromercuri-2-methoxy-propylurea in each tablet. 
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LABORATORIES, INC., MILWAUKEE 1, WISCONSIN 


4 for a 
4 


Just 1 or 2 Pentids Tablets t.i.d. are particularly effective ... 

convenient, easy-to-take . . . cause fewer side effects .. . and are 

less than ¥% the cost of the newer antibiotics. 
Bottles of 12 and 100. 


Squibb 200,000 Unit Penicillin Tablets 


18 A TRAGEMARE OF SQUISS 6 SONS 


oral penicillin tid. | 
> 
... for the more common bacterial infectious diseases | 
SS 
| 


